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PREFACE Xp THE FIFTH EDITION 

That yet another edition of this book should be called 
for is naturally gratifying to the author. Its prepara- 
tion has been delayed partly by the pressure of other 
work, but also because rapid advances in the subjects 
dealt tvith have made extensive revisions necessary. 
This is particularly the case with the biochemical 
sections. 

Two new chapters have been added — one on the 
work of the liver, the other on asthma. New sections 
have also been added on fractional test meals, insulin, 
uresmia, and dyspnoea. In accordance with the 
recommendations of the Medical Besearch Council, 
the nomenclature in Chapter X. has been altered. 

1 should like gratefully to acknowledge the kindly 
criticisms which former editions received in the medical 
press and private letters, and 1 have gladly availed 
myself of many of the suggestions contained therein. 
It is my pleatont duty to express my thanks to Pro- 
fessor Lovatt Evans and Dr. B. Hilton for useful help 
and suggestions in the preparation of this edition 

W. LANGDON BROWN. 

*31, Cavutdish Squabb, 

Londob, W. 1. 

Jvly , 1924. 
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FROM THE PREFACE TO THE 
FIRST EDITION 

In the last decade our ideas have undergone funda- 
mental ^Iterations on many points of cardinal impor- 
tance in physiology. The same period has seen a 
much wider use of exact scientihc methods in clinical 
work. The result has been a closer harmony between 
physiology and practical medicine. The researches 
of Pavlofi and his followers, which have led to the 
rewriting of the physiology of digestion, the clinical 
applications of GaSkoll’s work on the heart by Mac- 
kenzie -and others, the introduction of convenient 
methods of registering blood-pressure in man, the 
increased knowledge of the chemistry of uric acid and 
its congeners, of nitrogenous metabolism and internal 
secretion, are examples which will occur to anyone. 

The busy practitioner is aware that the physiology 
of his student days has been largely supplanted or 
Supplemented, but has not time to acquaint himself 
with the changes, nor to deduce therefrom the points 
on which his clinical conceptions should be modified. 

This book does not aim at being a complete treatise 
on applied physiology; but as it has been my lot during 
the decade in question to combine the practice of medi- 
cine with the teaching of physiology, I have set down 
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here some of the considerations which I think have 
helped mei in the hope that they may help others. . . . 

Though the days are past when^the student entering 
the wards often received the superfluous advice to 
/ forget his physiology/ the physiologist is still regarded 
a little suspiciously at the bedside. Perhaps he is in 
part himself to blame for that, for he is sometimes 
inclined to forget that observations made in the 
laboratory are not infallible, and are not necessarily 
more correct than clinical evidence. When I reflect 
that I am now teaching the exact opposite to many of 
the views held ten years ago, I feel that ph3rsiology 
can only come to the aid of medicine with becoming 
modesty, and without overweening dogmatism. There 
is no finality about either, but that they can co-operate 
usefully I trust the following pages serve to illustrate. 

W. LANGDON BROWN. 

October, 1003 . 
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PHYSIOLOGICAL PRINCIPLES i 
IN TREATMENT 


CHAPTER I 

)>' the pbimciples of oboano-thebapt 

Whbmbvbr we give a drag, we imply thereby a belief 
that the functions of the body can be influenced by 
chemicfd means. And we can find support for this 
confidence in the fact that the body itself produces 
chemical substances whereby it regulates its own 
functions. 

Nothing could be more reasonable than to use in* 
telbgently in disease those very drugs by which the 
body is enabled to do its own work in health. ThiB 
is the basis of a rational organo-therapy, as Rtarling 
haLsasIeaily indicated. 

Though the use of organic extracts has enormously 
increased during recent years, it is but the renais* 
sance of a very ancient method. Cslsus and Galen 
testify to the antiquity of organo*therapy. The first 
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9 PHYSIOLOOICAL PRINCIPLES 

iii.^8^ oontainB Beveial prepantionB of animal ex- 
traotB. 

Tlie BQOoeBB of thyroid extract in treatment led to a 
great revival of interest in the^Bobjeot, an interest 
not always intelligently displayed. Indiscriminate 
nse of gland extracts in eveiy sort of disease, without 
considerstion of the underlying prindples, only brings 
discredit on a valuable method of treatment. There 
is no scientific sanction for the employment of brain 
extract in insanity, and extracts of bronchial glands 
for phthisis. Powdered heart muscle was a favourite 
prescription in the old days; it is no advance to squeeae 
it into a tablet and call it cardin. 

In the past it has been too much the fashion to look 
upon the different organs as largely independent of 
each other, though under the suzerainty of the brain. 
But the development of a nervous system is a com- 
paratively late event in evolution. The stimnli to 
which the most primitive forms of life respond are 
chemical; the nervous system enables very rapid 
reactions to occur, but where less sudden responses 
are needed the primitive method is retained. 

Thus, salivary secretion may occur before the food 
enters the month; and though gastric secretion is 
started by the taste of the food, its continuance is due 
to chemical stimuli, while pancreatic seoietion can be 
explained by chemical factors alone. Here we note 
a gradual transition from a nervous to a chemical 
method of stimulation, as the need for rapidity of 
response grows less. This is a,^ood example of the 
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waj in which the nwvona system may start a series of 
events, though the subsequent chapters are due to 
chemical interactions, one organ producing a chemical 
substance necessat/ as a stimulant to the next in 
series. 

For these substances Starling suggests the name 
honoones ’ {Sp/uui, ‘ 1 excite '). Internal secretions 
owe their activity to hormones. 

The chemical products of every organ must influence 
the rest of the body to some extent, but it is only 
when that influence is specific that we dignify the 
product with the status of a hormone. Thus, carbo n 
dioxi de is a product of all the tissues, but has a specially 
stimulating effect on the respiratory centre, while 
kreatin . which is formed by muscular tissues, i ncreases 
gaslno secretion and stimulates growth. Such reao* 
tions differ in degree rather than in kind from those 
of thyro^ and adrenalin. We may regard the 
endocrine glands as structures for elaborating chemical 
stimulants which were formerly more widely diffused 
throughout the body. In the course of evolution 
th^ have gradually come to a greater or less extent 
under the control of the lowest level of the nervous 
system. 

Ab T^hamg classified thus the inherent apparatus by 
whiqh the body can defend itself when attacked: 

1. The jphynologieai reserve, primarily to combat 
exhaustion. This^js called up in any condition of 
hnusual strain, cardiac hypertrophy being a typical 
example. 
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2. ZbL.fiiQC&eiai^ apparatus, which enahles one 
tusne, when attacked, to appeal to another for asaist- 
ance. 

8. The nervous mechanism, whicfi, as we have seen, is 
the latest m evolution, and the swiftest and most com* 
pies in its action. 

The most essentially vital acts are subserved by a 
double mechanism. Thus, in heart diseases it is to the 
physiological reserve and the nervous mechanism that 
we look, while in digestive disturbances we must rely on 
the biochemical apparatus and the nervous system. In 
organo>therapy we are calling the biochemical appara* 
tns to our aid. 

Now, the substances which produce effects upon the 
body fall into two groups (Ehrlich). The first are 
closely allied in their chemical character to proteins, 
such as the toxins; all are produced by the agency of 
living organisms. As a result of their introduction, the 
tissues react by development of an antibody, and they 
are therefore called ‘antigens.’ The second group 
include all the common drugs, which probably act on 
protoplasm by reason of their molecular configura- 
tion, producing their effect, without any incubation 
period, as soon as they reach the cells. Although 
repeated doses can set up a certain degree of tolerance, 
they do not appear to rise to the production pf an 
antibody. 

Homones resemble the second class, though when 
they are present in excess they sometimes seem capable 
of exciting the production of jax antibody. They 
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belong to the pennanent, and not to the aoqoiied, 
defences of the body, and it has been suggested that in 
many instances drugs produce their effect by acting 
through the endoorAe glands. 

The general feaUires of hornumes may be stated 
thus: 

' 1. They are bodies of comparatively small molecular 
weight. 

2. Unlike ferments, they are not destroyed by simple 
heating, but may lose power on prolonged boiling. 

8. They are rapidly destroyed by oxidizing agents. 

4. They are destroyed in the tissues which they 
excite, and do not escape in any of the excretions. 

6. They are not readily absorbed unaltered from 
the alimentary canal. Thvroxi n. the active principle 
of thyroid extract, is an exception to this rule, probably 
because the thyroid gland originally d ischarged its 
secretion ip *^ by the thyro-^ossal 

dnct. For a similar reason the secretion of the anterior 
lobe of the pituitary might be expected to be absorbed 
by this route, and there is some evidence that this is 
true even of the secretion of the posterior lobe. But 
the process is by no means so certain as in the case 
of the thyroid. Recent work suggests that pitnitrin 
isjnore readily absorbed from the, nasal-mucosa. 

Hamumet are employed in treaimeni — 

L In substitution therapy — i.e., to replace the absent 
or deficient secretion of a gland that is involved in a 
destructive lesion — or where there is relative insufii’ 
dency owing to oveiyction of some antagonistic gland. 
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Here the hormone is intended to produce a chronic 
effect. 

2. Where their known physiological action may be 
osefal quite apart from any defect'in the patient's own 
glands. Here a sudden effect is usually aimed at. 

8. In a purely empirical manner. 

For successful sub stitution therapy the gland from 
which the extrac t is prepare<I must con tain the horanone 
in a n amount much i p expess o£ theiiody’a immediate 
needs, while the hormon ^ust be fairly Jtahle so as to 
resist chemical changes during extraction, and be 
3 capable of abso^tmn from the alimentary .can^< Also 
it must be possible for intermittent doses to replace 
satisfactorily the constant slow secretion which nor* 
’ mally occurs, ^s Dale points out, the thyroid is the 
only ductless gland which fulfils all these criteria. For 
the rest the principal successes have been confined to 
conditions where the hormone can be used locally or 
by injection, and where a sudden rather than a pro- 
longed effect is required. For tuna tely, hormones are 
qQt„d? 9 troyed by boiling, so they can be prepared, in 
sterile solutions suitable for injection. 

The Thyroid Gland and Thyroxin. 

Organo-therapy won its first and most conspicuous 
triumph with thyroid extract. The ease with which 
thyroid preparations are absorbed from the alimentary 
canal has greatly contributed to this, but at the 
outset it was not realized that^so simple a method 
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oonld be effective, and snbootaneoiu iiyeotionB were 
employed. 

The only aojix&pEineiple that has been isolated from 
the gland is thymicin, which Kendall showed to be an 
indinft iwi ftpoand of indo l. Tbe presence of iodin^ 
which is a striking peculiarity of this hormone, is 
interesting, in view of the empirical use of iodine in 
diseases of the thyroid. It certainly appears to allow 
the gland to return to a resting state, and its use as a 
■pronhylactie in districts where goitre is endemic, such 
as certain Swiss valleys, has been very snccessful. 
Such a method may also prevent the body drawing 
on its emergency ration of iodine in the form of 
thyroxin, which may have other and injurious effects. 

, Thfitibyrcdd gland is to the human body what the 
draught is to the fire (McGarrison). It is a ge nera l 
^ a i MwlAy Linr nf maffthnliam and growth; this hos been 
demonstrated mathematically by observations on the 
basal (ie., resting, fasting) metabolism. 

Thyroxin has the effect of reducing weight, but it 
has been stated that only one-sixth of the loss is due to 
increased nitrogenous waste, the remainder being due 
simply to diuresis, apparently from dehydration of 
fats. It lowers ^gar tolerance and may produce 
glycosuria. It accelerates the heart-beat without 
augmenting its force. It is therefore not very effective 
in (he treatment of ordinary obesity, and is not free • 
from risk, as a fatty heart may not be able to maintain 
the accelerated rhythm. Moreover, as in obesity there 
is often a tendency to glycosuria, the use of a drug 
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which can exdte this demands caution. But if the 
obesity is associated with other signs of hypothyroidism, 
/careful administration of thyroid extract may be 
very helpful. 

From its great success in myxc edema and cr etin ism, 
we may regard thyroxin as a hormone with a special 
action on the central nervous system and on the shin 
and subcutaneous tissue. These points are generally 
familiar. The occasional failures in the treatment of 
myxcedema may be explained thus: 

1. In persons of advancing years thyroxin appears 
to have less effect. 

2. As subjects of myxcedema are more liable 'to those 
toxic symptoms known as thyroidism, it is not always 
possible to give an adequate dose. 

While failures in the treatment of cretinism may be 
accounted for as follows: 

1. Successful treatment is only possible before the 
'degeneration of the brain consequent on cretinism has 
occurred. 

2. Errors in diagnosis have led to Mongolian idiots 
land {ichondioplasics being treated as cretins. 

Cretinism is more apt to occur when the mother has 
a thyroid which is helow normal standard. Thyroxin 
puaes readily into the mother’s milk. 

Hertoghe points out that the thyroid (a) governs ibe 
building up of the cells and (b) regulates the deetruciion 
of the protein molecule and its elimination. Therefore 
unth thyroid insufiGicieDcy there will be defective 
growth, which will be m<»t noticeable in the young 
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Bobjeot, while in the adolt there will be aoonniQlation > 
of material which should be katabolized. He^attri- 
batea to a minor degree of thyroid ™b 

'Symptoms as relax^tio n-ot-the- artionl a r -tigaments, 
particularly in the knee, heel, ankle, and thoracic 
vertebrs, causing knock>knee, painful heel, flat-((),ot, 
and lordoaiB.^^]^ltoation oLtendona and faB(^.may 
picodvce rheumatoid pained He attaches considerable 
importance to the Insfl of hair in the outer hall of the 
eyebrow. ( Bnuresis he believes to be frequently due 
to the same cause.'^^ Thyroid inadequacy _diimnishes 
the coagulability of blood, which explains the tendency 
to hsB.m'orrhage.V'^ Infiltration of t he nerve cratres 
canses montalBlowness, partial or entire loss of memory, 
and d ifliculty in exprrasing ideas. ^Sometimes there 
are p f sight and hearing. Headache, 

giddiness, and somnolence are not uncommon. The 
liability of myxoedematous subjects to develop 
atfiqi gjpM' suggests the use of thyroid extract in pre- 
^^matore arterial degeneration. Leonard Williams main* 
taifia that in all such conditions the doses usually 
employed are far too large. He begins with. halt- a 
^in twice a . day and never increases the dose to a 
point sufficient to cause tachycardia. 
i The striking changes occurring in the skin in myx- 
cedema implies that the thyroid plays an important part 
in regulating its nntpt ion. ^yrom ]^rami;w.ell therefore 
employed thyroid extract in various diseases of the skin. 
The best results seem to have been obtained in psori- 
asis, ichthy osis, and lupus vulga ris. Its use should be 
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johmuia coaditioM ; 

that it ina 3 MWccite,nsw leiioM U^iyeii while the erup- 
tion of pBoiiaeis is still developing, 
i As j^tnres have been found to heal better in 
thyroidectomized animals if iJusoid^extraet- be-given, 
it ^ been used to ""i"” nf fraoinrea in 

noHnalindividuabi-apparently with benefit. Hertoghe 
is inclined to think, however, that such individuals 
have a minor degree of thyroid insufficienoy. Occa- 
sionally the extract a ppears to delay the groiv th of a 
canceLoi-the-breast. 

Among the less-known effects of thyroxin on 
metabolism is its influence on the liver. Apart from the 
discoloration, tVi«) n^iffAringa of a ianndiaad patient 
ar§.4A9 to the toxic effects of the bile-salts; prominent 
nmnng these is the intense itching, which is sometimes 
so troublesome. 

After ligaturo of the bile-duct the colloid, in the 
f plUftlftB and l ymphati cs of the thyroid gland inergases. 
Possibly this is a defensive step against intoxication 
by bile-salts, and accordingly Gilbert and Herscher 
administered thyroid extract to seven janudiee; 
in six the.pmrituB was- benefited. 

‘ 'Under thyroid treatment the biIe::SSltBJn.the.nzini 
gre^dnally diminished and then disappeared. After 
cessation of treatment the reaction returned until 
thyroid extract was again administered. 'They con 
eluded that thyroid extract most modify or destroy the 
Ule-salts. Outside the body they did not find that 
thyroid has any effect on bile-salts. 
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EmploTiog L ^yton’fl infitihnd of Mtimating hife- 
Balts, I have been able in Beveral cases to oonfinn 
ftwd TTArawhftr’g ntiLfftniftnt. that the adminis- 
tration of thyroid Attract diminished the amount of 
bile-salts in the urine, with great relief of pruritus. 
I have also found that feeding a cat with thyroid 
gland diminished its production of bile-salts. 

I I n eclampsia thyroid extrac t ht ^s been advocated, 
on the ground that in normal pregnancy an enlarge- 
ment of the thyroid gland occurs, whil e in th e albumin- 
nria of pregnancy or in eclampsia this enlargement may 
lM.Jach^. As some effect on hepatic metabolism 
must be conceded to the thyroid, and as some hepatic 
lesipn is responsible for eclampsia, there is a rational 
basis for this plan of treatment. 

The striking contrast between (^ves* disease and 
myxoadema suggests naturally that while the latter 
is due to an athy rea. tha former is associated, with a 
hyperthyr ea. In Graves' disease the gland is enlarged 
by an increase in the secreting cells, t he excitability of 
t he nervous sy stem in increased, the pulse is rapid, the 
te mperature is raised, the skin is moist, the basal 
mstahplism is increased, and there is usually emacia- 
tion. In myxoedema the gland is atrophic, the 
excitability of the nervom system is diminished, the 
polsp is s low, the temperature subnormal, ther aki n dry , 
while^ diminisbed basal metabolism: ’Wnd-inHease-' of 
weight theuiale. Moreover, the administration of 
ex cessive doses otthyroid extract may cause symptoms 
analogous, to those o^Graves’ disease. Since thyroxin 
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is a honnone acting on the skin and nervous system, 
Graves’ disease could be explained by a hyperthyrea 
in which the emotional centres undergo an excessive 
stimulation. Jlackanzie fias drawn attention 

to the resemblance between the symptoms of Olives’ 
disease and the expression of the emoiion-^ni fear. 
[In both we have the stMing.e .yes, thej;Apid.jmlBe, and 
the tremors. It is doubtful, however, whether the 
phenomena of Graves’ disease are all due to a primary 
hyperthyrea. Indeed, hyj^erthyrea may be produced 
by stimulation of the sympathetic, and I am convinced 
that a continued emotional disturbance plays a large 
part in the production of Graves’ disease, especially 
when combined with a toxic factor. Myxoedema 
following Graves’ disease we can understand, for the 
gland may become exhausted as a direct result of its 
excessive activity; but the coexistence of active Graves’ 
disease with some of the symptoms of myxcsdema, 
such as the characteristic condition of the skin, is more 
difficult to account for. !l^sthacbild-«id-Ijeopeld^evi 
attribute this to thyroid instability. There is an irritable 
weakness of the gland which causes spurts of hyper* 
thyroidism, in spite of a constant basis of hypo- 
thyroidism. 

In view of these facts the failure of organo-therapy 
in Graves’ disease is hardly surprising. Thus, if the 
fUsosacJs. associated. with hyperthyrea, adimrastration 
of thyroid . extract could do, and-usuallydoes, nothing 
bnt.hann. Where there has been a compensatory 
enlargement of the thyroid consequent on some extra 
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demand for thyroxin, small doses of thjioid dp good. 
But these are not oases of Graves’ disease and are 
accompanied hy some signs of thyroid insaffidenoy. 
Thus, in a cretin Ifsaw a cystic enlargement of the 
gland disappear under thyroid extract. 

The other organo-therapeutio measures that have 
been tried are aotitoxio and cytolytic. The hypothesis 
on which the former method rests is that the blood 
of a thyroideotomized animal should contain an 
excess of substances unneutralized by thyroid secretion; 
these should be antagonistic to a hypertrophied thyroid. 
But the proof that such substances occur is not satis* 
factory, and the hypothesis implies an antitoxic rather 
than a secretory function for the thyroid. 

As the rational basis for the use of such preparations 
is BO uncertain, we need not be surprised at the lack of 
success •that has attended the use of Bodagen, Anti* 
thyroidin, and Thyroidectin. Lanz and Edmonds 
have reported benefit from the use of the fresh milk 
of thyroideotomized goats. 

The trial of thyrolytio serum is based on the well* 
known fact that if a preparation of the cells of one 
animal be repeatedly injected into the circulation or 
peritoneal cavity of another animal, the latter will 
form an antibody capable of destroying those intro- 
duced cells. This method has been abandoned as it is 
ineffective and risky. 

The Parathyroids. — Recent work has thrown new 
light on the function of the parathyroids. In 1907 
Forsyth concluded, ^fter careful study, that the 
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parathyioidB are portions of the wiftin thyroid gland 
which have not yet formed vesicles, that all the inter* 
mediate stages between thyroid and parathyroid 
tissues occur; and that they w^ essentially similar 
in function. Dnnhill, however, believes that para- 
thyroids can be histologically recognized. James 
Berry states that, although he has removed goitres 
1,888 times, he has never seen tetany develop, although 
he takes no special care to avoid the parathyroids. 
He admits, however, that he leaves a piece of gland at 
the hilus, and may therefore have preserved them. 
On the other hand, Noel Baton and Findley in 1916 
observed muscular spasms and tremors after experi- 
mental removal of the parathyroids with the thyroid 
in animals. Of late the tendency has been to attribute 
two definite functions to the parathyroids (1) to destroy 
guanidine, a purin body which otherwise accumulates 
in the muscles, where it is believed to cause tetany; 


The first effect has been used by Vines to estimate the 
activity of preparations claimed to contain parathyroid 
secretion, and the second has been proved by the same 
observer by direct estimation of the calcium content 
of the blood. 

As calcium salts are sedative in their effect on the 
nervous tissues, the association of parathyroid dofMt 
with tetany has been referred to this as well as to the 
accumulation of guanidine in the muscles. Thus, 
Howland and Marriott found the normal caldum con- 
tent of the serum to be 10 or 1], milligrams per cent. 
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Thu was invariably reduced during active tetany 
to an average of 5*6 milligramB, but not in other con- 
vulsive disorders. Th^ maintamed that adminis- 
tration of calcium sSlts promptly checked the spasms 
and caused a rise in the calcium content of the blood. 
Other observers have found parathyroid extract more 
effective. Hurst, in 1915, reported a case of fibrillary 
twitchings, tremors, and diarrhoea coming on two years 
after removal of the greater portion of the thyroid, 
which was aggravated by thyroid extract but greatly 
benefited by ^ grain of parathyroid extract four times 
a day. ,6. H. Clark described three cases in chUdren 
of idiocy, depression, fibrillary twitchings in the 
muscles, jerking movements of the limbs, convulsions 
and inability to balance. Struck with the resemblance 
to the condition produced in animals by removal of 
the parathyroids with the thyroid, he treated them 
with parathyroid extract with remarkable benefit. 
On discontinuing the drug the symptoms returned, in 
one case on two occasions. 

Korenchevsky has produced tetany in rats by 
destroying the large parathyroid embedded in the 
thyroid with the electric cautery. Parathyroid extract 
has been given for many nervous conditions associated 
with twitchings and tremors. It appeared to benefit 
a cage of myoclonic movements following encephalitu 
in a child under my care. Grove and Vines found in 
the case of lesions that could be directly observed, such 
as a varicose ulcer on the leg, that parathyroid extract 
was capable of raising the oaldnm content of the blood 
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to nonnal, and that this was followed by speedy healing. 
Th^ then applied this method to internal lesions, such 
as gastric and duodenal ulcers, with similar results* 
They believe that calcium deficiency is an index of the 
absorption of a toxin, and that in all the disease im* 
proved by parathyroid therapy the common factor is 
sepsis. The dose is ^ of a grain twice a day, or of a 
grain thrice a day. In view of the striking clinical 
benefits claimed by numerous observers by para- 
thyroid treatment, it would be rash to assume that these 
bodies have no separate function. 

The Snpraienals and Adrenalin, 

Following on Addison’s clinical observations, Brown- 
84qnard showed that experimental removal of the 
snprarenals was rapidly fatal to animals. Schftfer and 
Oliver in 1893 prepared from these glands an active 
substance possessed of powerful tonic properties. That 
this substance was only formed from the medulla of the 
gland was shown by Swale Vincent from observations 
on certain fishes in which the cortical and medullary 
portions are separate glands. Attempts to isolate 
the active principle from the extract culminated in 
1901 in the preparation by Takamine of a crystalline 
body, to which he gave the name of adrenalin, and to 
which he attributed the formula GioHuNOj. This name 
has now been adopted by the British Pharmacopoeia. 

Four years later Dakin synthesised it artificially 
from pyrocatechin, and made a series of similar bodies, 
showing that their activity depended on the presence of 



ADRENALIN 17 

a oatechol nneleos. This BaggestB an origin from the 
aromatio radioles present in the protem molecule. 

We owe to Langley the important goneraluation 
that the action of adrenalin on any part is the same 
as stimulation of the sympathetic nerves to that part. 
It will not act on a stmotnre that at no time in its 
history has been innervated by the sympathetic. 
Elliott, in extending these observations, has brought 
forward some facts which suggest that, after excision 
of the suprarenale, the muscles innervated by the 
sympathetic cannot be thrown into activity even by 
electrical stimulation of the nerves. Adrenalin appears, 
then, to be a chemical body whose presence is essential 
to the activity of the sympathetic. This is speoiaUy 
interesting, when we remember that the medulla of the 
suprarenal gland is developed as a direct outgrowth 
from the sympathetic nervous system. Nor is this 
the only example of such an association, for sympathetic 
paraganglia and structures, such as the carotid body, 
contain faragangline, a similar but more stable body, 
which does not lose its effect even if left in contact with 
the stomach wall for twenty-four hours. 

In applying adrenalin therapeutically we have to 
consider what would be the effect of st imulat ing the 
sympathetic nerves to the part in question. Whether 
it acts on a ' myoneural junction,' as suggested by 
Elliott, or on a ‘ receptive substance ’ in the cell, as 
Langley thinks, does not affect this conclusion. The 
application of adrenalin to internal medication is 
greatly limited by twc^facts: 
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1. If mixed ^th alkalies, its activity is lost; if the 
alkali be nentralized, the specific effect can be obtained 
again. Now, as the blood-stream is alkaline, it can 
only produce a brief general effect through the circu- 
lation. 

2. It is doubtful whether in healthy persons it is 
absorbed unaltered from the alimentary canal. The 
most striking action of adrenalin is the rise of blood- 
pressure that it causes, but many observers have failed 
to detect any rise when the drug has been given by the 
month. Yet it is not destroyed by gastric juice in a 
test-tube. Probably the intense vaso-constriction it 
produces prevents its own absorption. BoUeston 
found that, given by the month to persons suffering 
from Addison’s disease, it did raise the blood-pressure, 
though I have often failed to obtain this result. In the 
same way a myxcedematous person is well known to be 
much more sensitive to thyroid extract than a healthy 
individual. Sch&fer thinks that iigured vessels are 
similarly more sensitive to adrenalin than normal ones, 
and that a selective vascular constriction may be thus 
produced even though no general rise of blood-pressure , 
occurs. 

It will follow that the drug is most effective when it 
can be applied direct to the point at which we wish it 
to act. Even after subcutaneous injection its generd 
effect is much interfered with by the local constriction 
of bloodvessels, which prevents its entering the circula- 
tion until its activity has passed off. 

Alimentary OanaL— Since L^grton suggested supra- 
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renal extract for hnmatemeBis, many instanoee of 
its snooessfol use have been reported. I place 
considerable relianog on 4-draohm doses of the 1 in 
1,000 solution of adrenalin chloride in | ounce of water, 
given every three or four hours. Elliott recommends 
adrenalin borate A or ^ grain for hypodermic use, 
the chloride being painful. In addition to constrict* 
ing the bleeding-point, it stops peristalsis. If an 
isolated loop of intestine be placed in a bath of warm 
salt solution, vigorous peristaltic waves may be seen; 
the addition of two or three drops of adrenalin solution 
to the bath at once renders the coil quiescent. Like 
the sympathetic, adrenalin inhibits the movement of 
a hollow viscus, while keeping the sphincter controlling 
the exit closed. Herein lies its advantage over ergotin 
and the like. For these reasons it will often check 
vomiting or hiccough, in doses of 10-16 minims of the 
1 in 1,000 solution diluted with water. I have found 
this most useful in combination with 1 minim of 
carbolic acid and 8 minims of dilute hydrocyanic acid. 

It may be tried in intestinal hemorrhage, though 
it is open to doubt whether the drug can get past the 
pyloric sphincter. Graeser succeeded in checking 
severe intestinal bleeding in typhoid fever by giving 
three hourly doses of 80 minims of the solution by 
mouth where ice, opium, ergot, and bismuth had all 
failed. I have nsed it in this way with satisfactory 
results. It may be added also to an enema of starch 
and opium. As a precautionary measure I have 
0 V 6 n a similar dose afiout a quarter of an hoar before 



20 PHYSIOLOGIOAL PRINCIPLES 


getting the boweb opened by enema after an inteatinal 
hnmoitbage. By keeping the bloodveaaels of the email 
intestine constricted, the walls flaccid, and the ileo* ^ 
csBcal sphincter closed, it affords the ideal condition for 
emptying the large bowel by enema. 

In view of the inhibitory action of adrenalin on 
peristalsis, it is contra-indicated in the treatment of 
gastro-intestinal atony. 

Exner found that intraperitoneal injection of adren- 
alin delays the absorption of poison introduced into the 
stomach or peritoneal cavity; thus strychnine required 
twenty times as long to produce its toxic effect. This 
gain of time is most valuable, and suggests the admin- 
istration of a full dose of adrenalin pending the employ- 
ment of other remedies. 

Heart and Bloodvessels. — ^Adrenalin is a powerful 
stimulant to the heart, augmenting its action-like the 
sympathetic; but, as we have seen, to produce this 
effect it must be injected intravenously. We must 
remember, however, that as it also constricts the 
bloodvessels, thereby raising the pressure, it may 
stimulate the oardio-inhibitory centre in the medulla, 
so that slowing of the heart through the vagi might 
be caused instead. Though this might perhaps be 
prevented by simultaneous injection of atropin, thii 
would merely mean that a way of escape froip the 
excessive pressure would be barred. The sudden vaso- 
constriction greatly increases the work of the heart, and 
if this cannot be met dilatation of the cavities may 
occur. Dilatation and va^ iphibition are dangers 
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that would outweigh any advantage to be derived from 
the Btimultting efteet oi the adxenalin. The safest 
thing to do is to give amyl nitrite at the same time, 
nnlfliM the blood>pre£are is already low; this will dash 
the peripheral vessels, thus avoiding the extra work and 
the stimulation of the eardio-inhibitory centre, though 
not entirely flliminating the rise of pressure. The action 
of both drugs is about equally sudden and transitory. 
1 regard 8-6 minims as a large enough dose to give 
intravenouriy at one time. Fortunately, it has been 



the coronary vessels, for if it did it would almost 
certainly produce anginal attacks. In cases of shock, 
where the blood-pressure is lowered from dilatation 
of the splanchnic bloodvessels, adrenalin is free from 
these risks, so that the amyl nitrite is unnecessary. 
And ' heart failure ' in toxnmia is often partly due to 
vasomotor paralysis, so that adrenalin may be very 
useful in such cases, if its mode of action is duly borne 
in mind. I have seen great improvement follow intra- 
venous injections for the collapse of toxemic states, 
especially pneumonia, as Rolleston has found. Elliott 
and Tnckett observed that in diphtheria the chromo- 
gen in the medulla is deficient and this has been con- 
firmed mother toxemic states, which renders its action 
intellipble. ' Crile found experimentally that in the 
most profound shook it was possible to keep up blood- 
pressure maintain life by continuous intravenous 
infusion of adr epaH" in salt solution, 1 in 60,000 to 
100,000. In the collapse of chloroform or opium 
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poisoning it has also been found useful, though not 
permanent in its action. Recent observations on the 
paralysis of the capillary vessels in profound shook 
account for its lack of complete sfiocess. 

Butler has recorded an example of its striking success 
in syncope after the crisis of pneumonia in a child of 
ten. He injected 88 minims in all in five doses, be* 
sides giving 10 minims by the mouth. He reported 
a significant fact, however: the immediate effect was 
an increase of pallor and a weakening of the pulse, 
followed by great and rapid improvement. Evidently, 
in the doses here used the immediate rise of blood- 
pressure was enough to act on the oardio-inhibitory 
centre in the way I have pointed out. 

In accordance with the general law that adrenalin 
only acts on structures which have a sympathetic 
innervation, Baum found it had no effect in blanching 
nevi, and only a very transitory effect on unsound flesh. 

Respiratory System. — A paroxysm of asthma may 
often be out short by the subcutaneous injection of 
liq. adrenalin bydrochlor. In the first instance only 
8 minima should be given, and it is rarely necessary 
to give more than 5 minims. It is still more effective if 
combined with pituitrin, and several preparations of 
the combined drugs are on the market. The vagus 
and sympathetic are opposed in their action, and as 
the former is constrictor in its effect on the bronchial 
muscles, the latter inhibits bronchial spasm; moreover, 
it constricts the turgid vessels in the bronchial hiucosa. 
Both these actions would be pro(j,uoed by adrenalin. 
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In the chapter on the Vasomotor System in Disease, 
it is pointed oat that the changes in the pulmonary 
drcolation are passive, and are controlled by the 
systemic drcolatioA On perfusion of adrenalin 
through the pulmonary vessels Brodie and Dixon 
could not find any evidence of vaso-constrictors, a con- 
clusion with which most subsequent observers have 
concurred. I have seen the thoracic viscera from an 
animal killed by a fatal dose of adrenalin; while all the 
other tissues were ansemio, the coronary vessels were 
distended with blood, and the lungs were intensely 
congested, being a deep plum colour. I therefore 
cannot believe that adrenalin is advisable in hamop- 
tyaia. In so far as any result is obtained it will be 
a harmful one. The blood which is being squeezed out 
of the rest of the circulation will be forced into the pul- 
monary .vessels, which are unable to protect themselves 
by adequate vaso-constriction, and hemorrhage will be 
aggravated unless the sole source of the bleeding is a 
bronchial vessel. The only reason why serious harm 
has not been done more frequently is that the drug has 
been administered by the mouth, so that it has had 
little effect; but if ipjected into the circulation, it would 
have an injurious effect in haemoptysis, because of the 
pulmonary engorgement that results. 

Oeteliral Hsemotrhage. — For similar reasons adren- 
alin is contra-indicated in cerebral hsemorrhage. Even 
admitting that there are vaso-constrictors in the vessels 
of the bvain (and Wiggers found a slight constriction 
after perfusing adren|lin), the systemic rise of blood- 
pressure certainly outweighs any advantage to be 



24 PHTSIOLOOICAL PRINCIPLES 


reaped from a possible local oonstriotion in the oere* 
bral vessels; and local application is* oat of the 
question. ' 

In hsemophUlOi adrenalin has bibn recommended but 
t have not been impteBsed 'with the leshlts. Improve* 
ment has followed its use in pnzpora, though it is difficult 
to imagine how small doses of a drug which is probably 
not even absorbed from the stomach could affect 
hemorrhages resulting from an altered condition of the 
blood. 1 have not been able to satisfy myself that the 
improvement was more than rest and suitable diet 
could account for. Dudgeon has suggested, however, 
that purpura may stand in the same relation to 
acute lesions of the suprarenals as pigmentation 
does to chronic destruction, a view which would make 
adrenalin the proper treatment. It is true that acute 
lesions of these structures such as hemorriiage or 
necrosis are commonly accompanied by a purpuric 
eruption. 

Serous Membranes. — Injection of adrenalin to pre- 
vent recurrence of ascites or pleural effusion has been 
advocated by Sir James Barr. A drachm of the 
adrenalin chloride solution with ^ per cent, of chloretone 
in 2 drachms or } ounce of sterilized water is ii^eoted 
through the trocar when the serous exudation has been 
withdrawn. Plant and Steele suggested that it. acts 
by sticking the layers together, thereby promoting 
adhesions. I have seen abundant fibrous coagula in 
the peritoneal cavity post mortem following this 
treatment. 
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Snigioal AppUeatloni. — Adrenalin has been very use* 
fnl in oertab snigioal conditions, bat on these 1 shall 
only toooh briefly. For removal of foreign bodies and 
other operations on the eye, Darier recommends 
10 drops of the 1 in 1,000 solution added to 10 o.o. of 
a 1 per cent, solution of cocaina MacCallan thinks 
it is risky in glaucoma, as he has seen it cause a rise in 
tension. 1 saw an alcoholic patient who was in the 
habit of dropping adrenalin into his eyes to diminish 
their bloodshot appearance, but the secondary redden- 
ing that followed the temporary constriction had left 
him in a worse plight than befora 

Its blanching action has rendered adrenalin of conr 
siderable service both for diagnosis and treatment of 
diseases of the nose, for it is rapidly absorbed by the 
nasal mucous membrana For similar reasons it is a 
palliative in bay fever. 

In affections of the bladder it has been used with 
novocaine for anesthetic purposea Duncannon re- 
ports favourably on its use in catheterization in the pain 
and strangury of acute gonorrhoea, and in the hema- 
turia of enlarged prostate. In the form of ointment 
it certainly seems to alleviate hemorrhoids. In 
uterine bleeding it may be looked to to produce a 
double effect, constricting the bleeding vessels and 
causiqg contractions of the pregnant uterus. Cashing 
and Dale have shown the curious and interesting fact 
that adrenalin relaxes the non-pregnant and contracts 
the pregnant uterus. Such contractions are, however, 
inadequate to induce labour. 
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In local anfftirthitirii the role of adrenalin is to prevent 
the escape of the ansesthetio from the field of operation 
by oonstrioting the bloodvessels in the neig^boorhood. 
In this way its general tozio effe^ is diminished, while 
its local anesthetic effect is increased. It has been 
proved experimentally that whereas of a snbcntaneoas 
injection of lactose one-third is excreted by the urine 
in the first hour, if two drops of liq. adrenalin hydro- 
chlor. be added, none is excreted in that time, showing 
that it had not left the site of injection. In using 
adrenalin in this way it must be remembered that co- 
caine, novocaine, and alypin either have no influence 
on its action or slightly increase it; while eucaine, 
tropocaine, and possibly stovaine, are markedly 
antagonistic, considerably decreasing its activity. 

It is important that there should be no trace of soda 
in the fluid used for boiling the syringe employed, since 
adrenalin is rapidly destroyed in alkaline solutions. 

B. T. Lang recommends the following three solu- 
tions of different strengths, but all, as far as possible, 
isotonic with blood: 


4 per cent, luwooaine with 0*1 per 
cent, thymol vith oil of gaol- 
theria 

4 per cent saline with thymol and 
oil of gaultheria 

i in 1,000 adrenalin with thymol 
and ofl of gaultheria . . 

Distilled water up to .. 


A. 

B. 

0. 

0'4per 

0'8 per 

2 per 

Cent. 

Cent. 

Cent 


1 0.0. 

2ao. 

00.0. 

2 0.0. 

2 0.0. 

2 0.0. 

3 drops. 

8 drops. 

8 drops 

IP 0.0. 

10 0.0. 

10 0.0. 
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The most dilate solution is for fine nerve terminals; 
the larger the nerve tranks to be antesthetized, the 
stronger should be the solution employed. 

It is impossible to anessthetise satisfactorily any 
inflamed tissue by immediate infiltration as the inter* 
oellalar spaces are already filled with lymph, but it 
may be possible to attack the nerves supplying the 
inflamed area nearer the brain. 

In spinal anesthesia adrenalin is not so satisfactory, 
as it limits the spread of the injection too much. Also 
its use has been followed by petechial hemorrhages in 
the brain, which may well be due to the blood being 
driven to a part which is unable adequately to protect 
itself by vaso-constriction. 

Adrenalin and Addison’s Disease.— Wilks’ view of the 
’ unity of Addison’s disease ’ now admits of restate- 
ment. We can reconcile the two views originally held 
as to its pathology— one ascribing it to fibro-caseons 
change in the suprarenals, the other to changes in the 
adjacent sympathetic — since the sympathetic cannot 
act in the absence of adrenalin. 

Two of the cardinal symptoms of Addison’s disease 
are now explained. As the sympathetic supplies 
accelerator fibres to the heart, and constrictor fibres 
to the bloodvessels, their paralysis must result in pro- 
found cardio-vascnlar atony. The sympathetic also 
provides the stomach with inhibitory fibres; their loss 
of function must lead to motor irritability of the 
stomach, and therefore to vomiting. This will be 
intensified because, thesclosure of the pyloric sphincter 
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being onder the control of the sympathetic, regorgi* 
tation into the stomach can now easily occor from the ^ 
dnodenom. ^ , 

The pigmentation is more difficnlt to explain. 
Adrenalin, like many other bodies containing the ben* 
zone nacleos, is a chromogenic substance, and Hopkins 
has suggested that the deposit of pigment is due to 
' adrenalin gone wrong.’ Some of the deposits of pig- 
ment have yielded a pressor substance, as if they were 
compensatory for adrenal defect. But in the main, I 
should agree with Bendle Short's view that the pig- 
mentation results from the relaxed condition of the 
bloodvessels, like that produced by poulticing or ex- 
posure to light. The distribution of the pigmentation 
suggests this is the correct explanation. 

Occasionally the gland is completely destroyed, 
without signs of suprarenal inadequacy.* At St. 
Bartholomew’s Hospital, during thirteen years, four 
examples of caseation of both suprarenals were dis- 
covered post mortem which had led to no symptoms 
during life. Leyton suggests that the similar cells in 
connection with the Sympathetic chain have assumed 
the function of the gland. 

It must be admitted that the treatment of Addison’s 
disease by suprarenal extract has so far been very 
disappointing. Nothing at all comparable to the 
success of thyroid medication has been recorded. The 
best results have been in chronic cases, without ad- 
ditional lesions elsewhere. 

The probable explanations fosthis lack of success ate 
these: 
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1. Unlike the thyroid, which ia a reservoir of the 
^ active principle, the amonnt of adrenalin in the gland 
'^at any moment is very small This objection will not 

apply, of coarse, to* cAes where adrenalin itself is used, 
and not snprarenal extract. 

2. It is doubtfol whether adrenalin is absorbed Snffi> 
ciently to be really effective when given by the month. 
We have seen that in the normal individual adrenalin 
causes no rise of blood-pressure when administered 
thus. It is true that it may produce a rise when given 
in Addison’s disease, presumably because the vaso- 
constrictors of the stomach are in too atonic a state to 
respond. Leyton claims that this will aid in the 
diagnosis of Addison’s disease. He gives 8 grains of 
suprarenal extract three times a day for three days, 
and if the patient has Addison’s disease he expects a 
rise of more than 10 per cent, in the blood-pressure. 
This test frequently fails. In any case, as the tone 
of the bloodvessels returns, adrenalin mdbt defeat 
itself, by causing a vaso-constriction which renders 
its own absorption increasingly difficult. This is 
probably the chief reason for the failure of the drug. 

8. Repeated intravenous injections are impracticable 
and would not really take the place of the steady, con- 
tinued secretion of small doses into the circulation, such 
as the normal gland accomplishes. 

4. In some cases the patient is suffering from pro- 
gressive taberoulous lesions, which are not checked by 
this treatment. It is possible that in the future para- 
s gangline, pituitrin, or (he artificially synthesised sub- 
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ataaoes, which are jn(»e stable, and therefore more 
oontinned in thdr action, may prove more^BacceaafaL 

The cortex differa in oriein and function from the'' 

*■ 

medulla. Bulloch and Sequeira pointed out the con- 
nection between premature sexual development and 
adenomata of the suprarenal cortex (Transactitme of the 
Pathological Society, 1905). It is now gmetaUy agreed 
that the cortexyields a hormone which influences growth 
of the body and the development of puberty and sexual 
maturity, but always in the direction of virilism. 

Deleterious Effects. — Like all powerful drugs, adren- 
alin has its dangers. We need not fear these bad 
results from local application or subcutaneous iiyeo- 
tion, since the vaso-constriction it produces so greatly 
interferes with its absorption. Th^ have only been 
noted after intravenous injection. 

1. Mechanical EJ^ects of High Blood-Pressure . — The 
great pulmonary engorgement produced seriously limits 
the use of the drug as a cardiac stimulant in inflam- 
matory diseases of the long. As the brain cannot ade- 
quately protect itself against this rise of pressure by 
vaso-constriotion, damage may be done here also. The - 
use of-adrenalin in spinal analgesia has been followed by 
convulsive seizures, due to petechial hesmorrhages 
I^oduced in this way. 

Bepeated injection of adrenalin into rabbits has been 
thought to oause atheroma, aneurysmal dilatations, 
and hypertrophy of the heart. This accords with the 
observation that an^bing causing a persistently high 
prepsure leadf.to arterial degtfieration. But rabUts 
ate very liable to arteijal degeneration without such 
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injeetioDS. Fhilpot also noted an, increase fn the 
medulla ah<| chromaffin material in diseases associated 
^^th high b|)od*preB8nre. 

. 2. Glycotmrvi . — This will be discussed in the chapter 
on Glycosuria in general. 

8. Toxic ^ffeets on Ao Tissues . — Necrotic areas have 
been found in the centre of the lobules of the liver, 
outside which were areas of fatty degeneration. They 
have been attributed to the shutting off of the arterial 
blood by the intense vaso-constriction. I have sxen 
similar changes in the liver of a child to whom ijhad 
given an intravenous injection of 16 minims, bw the 
child had broncho-pneumonia, which often lea^o fatty 
liver. In the kidney, cloudy swelling and d^quamation 
of the tubular epithelium have been seen after iiqeotions 


of adrenalin both experimentally and clinically. 


How- 


ever, Butler’s case, in which as much as 88 minims were 
injected in all, recovered, so that if the daWage be due 
to the drug it apparently is not permanent. ^ 
Summary. — Adrenalin, which is formed fn the 
medt^ of the suprarenal, is a benzene commund 
probably derived from the aromatic group in the 
t|in molecule. It is not destroyed by simple boilii _ 
but is rapidly destroyed by oxidizing agents, which 
turn it brown; apparently it is quickly dealt with thus 
in the tissue it excites. It loses its activity in the 
presence of alkalies. It is probably absorbed with 
great difficulty from the alimentary canal. Its applica- 
tion to any part produces the same effect as if the 
sympathetic nerves to^hat part had bepn stimulaled. 
It may be freely applied locally, (diongh some observers 
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think that oantinn k needed in the case of the nasal 
maooiiB membrane and (in old people) the eye. 8nb> 
outaneons injeotione are nsnally safe, tkongh repeated^ 
injnotions may cause necrosis Ih ill-nourished parts 
froin the local anamia produced. Intravenous injec- 
tion is the only method of producing a general, as 
opposed to a local effect, and this is not free from risk. 
The best results have been obtained in oases of bleeding 
froin any part of the alimentary canal, but it is also 
useful in asthma, in vomiting, and in preventing the . 
absorption of poisons. It is contra-indicated in hnmop- 
tysis and in cerebral heemorrhage. It may be used 
to delay the return of serous exudates, and is an 
adjuvant to local anaesthesia. In Addison's disease 
it is usually' disappointing, though occasionally im- 
provement occurs. 

I 

f 

The Pituitary Body (Hypophysis Oerebii) and Pitnitrln. 

In its double origin — m part nervous, in part epithe* 
lial — tins structure offers an interesting parallel to the 
snprarenals. The glandular lobe is larger and anterior, 
the nervous lobe is smaller, posterior, and connected 
virith the floor of the third ventricle by a stalk. T|}p 
glandular portion also surrounds the posterior lolto 
by the pars intermedia. The anterior lobe forms 
a colloidal secretion rather like that of the thyroid, 
while the posterior portion discharges a substance— 
pituUrm, somewhat resembling adrenalin in action— into 
the cecebro-spinal fluid by way of the ^lird ventricle. 

T)>e secretion of the anterior ^be appears to have an 
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effect npon body temperatue, growth, the cataneouB 
L tissneB, and the sezoal organs. Thos, after removal of 
the c^and, the temperatnre becomes subnormal, whfle 
the injection of its extract causes a febrile response, 
either when this lobe has been experimentally removed 
or when it is diseased. This has been used as a diag* 
nostic method, and administration of anterior lobe 
extract by the month has been used to raise the sub* 
normal temperature in hypopituitarism. If the 
anterior lobe is removed in the young animal, retro* 
gressive changes are observed in the reproductive 
organs, while the thjrmns remains large. The secondary 
sexual characters fail to develop or are much delayed. 
Hypopituitarism coming on in the adult is character* 
ized by amenorrhoea in the female and by impotence 
in the male. On the other hand, in the early active 
stages of acromegaly there may be undue sexual 
activity. 

Oversecretion of this lobe is accompanied by increase 
in the thickness of the skin, enlargement of the (^nds, 
cutaneous hypertrichosis, and overgrowth of the 
skeleton, while undersecretion is accompanied by the 
opposite conditions. 

The influence of the pars intermedia on carbohydrate 
metabolism is shown in the hyperglycsmia, lowered 
sugar tolerance, or spontaneous glycosuria of the early 
active stages of acromegaly, or as the result of injection 
of its extract. In the later stages of acromegaly, when 
the gland is largdy destroyed, this is replaced by hypo* 
^yoamia and a greatly raised tolerance of carbohy* 
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dratea, ao that it ia impoaaible to prodaoe glycoanria 
by giying yery large amoonta of aogar, anoh as 400^ 
grammeB. The adipoaity yrhio|| acoompamea hypo* 
pituitariam ia no doubt in part due to this raiaed 
tolerance for oarbohydratea, 'which are rapidly asaimi* 
lated and depoaited as fat. But the aexual hypoplasia 
is also partly responsible for this adiposity, for it is 
a familiar fact that castration or spaying results in 
much of the energy absorbed in the elaboration of the 
sexual secretiona being now diverted to the deposit 
of fat. 

The secretion of the posterior lobe, pituitrin, is 
mainly a stimulant to plain muscle and also to the 
secretion of milk. It acts on plain muscle more by 
increasing its sensitiyenesB to normal stimuli than by 
acting as a direct stimulant. It does not usuaBy 
raise blood-pressure in a normal person, but when 
pressure is much lowered by shock or by experimental 
cutting off of the vasomotor centre it has a well- 
marked and prolonged action. In tht same way the 
normal heart is but little affected by pituitrin, but a 
failing heart is restored in tone and increased in con- 
tractile power. Its action on the plain muscle of a 
healthy intestine is but slight; it has, however, a 
markedly stimulant effect on the same muscle when it 
is paretic, as in post-operative conditions. Pituitrin 
does not cause contractions of the unimpregnated 
uterus, nor does it mduce labour in pregnancy, but 
when once labour has begun and the uterine muscle 
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IB inert it intensifies and prolongs the pains and decreases 
the intervals between them (Blair Bell). It dilates the 
pupil of an excised ^eye, and causes contraction of 
the bladder muscles. 

The earlier observations on the diuretic effect of 
pituitrin have been shown to be due to the disturbing 
influence of the aneesthetic. There is now no doubt 
that iigeotions of pituitrin diminish the output of urine 
both in the normal subject and in diabetes insipidus. 
I have seen the injection of 1 c.c. of pituitrin relieve 
the polyuria of diabetes insipidus for sixteen hours, and 
should regard this disease as due to defective secretion 
of the posterior lobe of the pituitary gland, either from 
nervous inhibition or structural disease of the gland or 
its neighbourhood, such as a syphilitic meningitis. 
In every case of diabetes insipidus it is therefore 
important to have a skiagram of the skull taken and 
Wassermann's reaction done. 

Therefore in the early stages of acromegaly in ad- 
dition to pressure symptoms on the optic nerves (such 
as atrophy and bitemporal hemianopsia) and on the 
brain (such as headache), we find high blood-pressure, 
lowered sugar tolerance, or spontaneous glycosuria, 
overgrowth of the skeleton and cutaneous structures, 
and pressor substances in the urine. In the later 
stages the blood-pressure falls, the sugar tolerance 
is hi gh, but the bony changes are permanent. In 
primary hypopituitarism (Frdhlicb's syndrome) the 
shin is smooth, transparent, and free from moisture^ 
the axillary and pubic hair is scanty or absent, the nails 
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are small and thin, and pigmentation may be present. 
The blood'presBnre is low, the sugar tolerance is high, 
there is general adiposity, and loss of sexual power.' 
In some oases the symptoms are complicated by the 
fact that glandular enlargement may be parenchy- 
matous with increased secretion or cystic with dimin- 
ished secretion. Therefore pressure effects may co- 
exist with diminished function. And when one lobe 
enlarges, it may first irritate and finally destroy the 
secretion of the other lobe. So that various permutsr 
tions and combinations of symptoms may result, e.g., 
by irritation of the posterior lobe, while there is 
deficiency in the normal secretion of the anterior lobe. 
Moreover, there may be compensatory enlargement of 
the thyroid. Some of these points are dealt with 
further in the chapter on Glycosuria. 

In pregnancy there may be temporary overgrowth of 
the pituitary, so that the facies alters, slightly ap- 
proximating about the nose and mouth to that of 
acromegaly, while glycosuria may occur. 

Substitution therapy with pituitary extract has not 
been very successful. In active acromegaly it cannot 
be expected to do good; in pituitary deficiency large 
doses are recommended by Gushing, such as 12 grains 
of the dried whole gland three times a day, while as 
much as 800 grains have been given in a day. 

Pituitrin, the hormone of the posterior lobe, has been 
used successfully for its vaso-oonstrictor effect in shook, 
particularly when due to anesthetics, and as a stimu- 
lant in intestinal paresis. Itdnay also be tried in 
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asthma, especially, as already stated, together with 
adrenalin. It has also been used with apparent benefit 
*in ezophthahnio goitre and intestinal btemorrhage. 
Blair Bell, who made the first clinical observations on 
the subject, has used it for post-partum deficiency of 
uterine tone. It has been recommended as superior to 
ergot in this capacity, but before delivery its use is 
subject to the same limitations as that drug. 

Hamill has shown that it can be absorbed when 
given by the mouth, though it is more certain in its 
action when given intramuscularly or intravenously. 
In conditions of shock the best method is to add it to 
an intravenous saline. The dose ranges from i to 
1 c.c., and it can be given three or four times a day.* 

Other Hormones. 

Therapeutical applications of other hormones need 
be dealt with only briefly. Those concerned with the 
digestive organs are discussed in other chapters; in the 
remainder the active principle has not been isolated 
yet, and until this is done we are working in the dark. 

Ovary. — Marshall and Jolly believe that the changes 
in the uterus which determine menstruation are due, 
not to ovulation, but to an internal secretion arising 
from the ovary, probably from its interstitial cells. 
Extirpation of the ovaries in early pregnancy prevents 
the fivfttinn of the ovum, and Fraenkel states that the 
destruction of the corpora lutea by the galvano-cautery 

* For further see the admirable papers of Cushing 

and his ooUeagues. 
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IB as eMomooB bb total removal of the ovaiieBw bring- 
ing pregnancy to an end. Now, the corpora Intea are 
also derived from the interstitial cells of the ovary. It' 
would appear that these provide a secretion which is 
essential to the activity of the uterine mucosa. 

This explains why the corpus luteum persists if 
pregnancy occurs, but soon atrophies if it does not. 

It is possible that extracts of corpus luteum or of 
interstitial ovarian cells might be useful in those oases 
where abortion occurs repeatedly in the early months 
of pregnancy. 

In animals where the ovaries have been removed, 
the phenomena of heat may be reinduced by the iiyeo* 
tion of ovarian extracts. Ovarian extract has therefore 
been tried for the relief of symptoms following ovario* 
tomy or at the climacteric. On the whole it has been 
more successful in coping with the vasomotou disturb- 
ances than with the neurotic symptoms. Benefit has 
been reported from its use in the treatment of melan- 
cholia or mania associated with uterine or ovarian 
disease, and in exophthalmic goitre. 

Wherever the efficacy of ovarian extract is being 
tested, it is important that the patient should be in. 
ignorance of the nature of the drug, in order to avoid the 
element of suggestion. 

How does the mammary gland undergo hypertrophy 
in pregnancy and become functionally active as soon as 
pregnancy terminates ? No nervous connection has 
been made out between the uterus and these glands, 
BO that a chemical stimulant is suggested. Starling 
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tbongbt be had found tbia in the foetus, but the corpus 
lutetim is more probably the source. 

’ . Testii. — The contrast between the condition of a 
person in whom the*testes are undescended and one 
from whom they have been removed has naturally led 
to the opinion that these structures form an internal 
secretion responsible for the production of the secondary 
tnftlfl characters, which persist in the former case. 

Bhattock and Seligmann found that the occlusion 
of the vasa deferentia does not hinder the full develop- 
ment of these secondary characters. We must dis- 
tinguish this, however, from the effect of ligaturing the 
whole spermatic cord, which would bring both internal 
and external secretions to an end. They regard the 
interstitial cells as the probable source of this internal 
secretion, and it is noteworthy that after ligature of the 
vas these cells remain unaltered, although the sper- 
matogftnin tissue degenerates. This is indeed the basis 
of Bteinaoh’s treatment; he claims that such a procedure 
diverts energy from the formation of an external 
to that of an internal secretion by the gland, with 
consequent enormous increase in bodily activity, 
amounting to rejuvenescence. These claims must be 
aUowed time to find their level. Voronoff’s grafting 
operation is also still on its trial, though I have seen 
some promising results. 

Brown-B6quard believed that subcutaneous injec- 
tions of testicular extract produced a rejuvenating 
effect on himself at the age of seventy-two. Here the 
element of auto-sugg^tion certainly played a part 
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Perhaps because of the exaggerated claims made for 
it, this treatment fell into discredit, which reacted 
nnfavonrablj on organo-therapy as a whole. 

Poehl attempted to place it on a more scientific basis ; 
he prepared from the gland a crystalline substance — 
spermin— which he regarded as a catalytic agent, 
increasing oxidation, and thus acting as a powerful 
physiological tonic. But Loewy and Bichter did not 
find that it altered the oxygen exchange of castrated 
animals. 

Many of the preparations of testicular substance 
used are rich in organic phosphorus and lecithin. 
When these factors, as well as that of suggestion, are 
excluded, the evidence as to the benefits claimed for 
them in nervous diseases, psychoses, impotence, and 
a host of other conditions, shrinks to slender propor- 
tions. 

Thymus. — The thymus is an infantile organ that 
tends to disappear spontaneously, and whereas there 
is an association between the cortex of the suprarenal 
and sexual development, there appears to be an 
equally definite antagonism between the thymus and 
the sexual organs. Thus Henderson found that 
castration in young cattle delayed the normal atrophy 
of the thymus, while Paton and Cloodall have shown 
that excision of the thymus in young guinea-pigs was 
followed by rapid growth of the reproductive organs. 
No other changes were noted beyond a diminution of 
the leucocytes, affecting all the varieties, which lasted 
for two months. The gland is (^special infantile organ 
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for forming white ootpuBcles, which ore more numerous 
in the circulation of the child during the normal period 
’of activity of the thymus. As nucleated red cells have 
been found in the gland, it is possible that it may form 
erythrocytes also. No active extract has been pre- 
pared from the organ, so there is no evidence that it 
fnimii an internal secretion, nor do thymus extracts 
appear effective in disease. 

The enlargement of the thymus in cases of Graves’ 
disease is interesting, in view of the development of 
both thyroid and thymus from branchial clefts. In 
one fatal case 1 found Hassall’s corpuscles (usually re- 
garded as remains of the epithelium of the gill-slitu) 
enormously hypertrophied. As Graves’ disease does not 
occur till after the thymus should have disappeared, 
its persistence in this disease raises the interesting 
suggestion that only those who are the subjects of 
persistent thymus can suffer from Graves’ disease. 

The association of enlargement of the thymus with 
sudden death is, strictly speaking, outside our present 
subject. The enlargement is usually merely the most 
striking example of a general lymphatic overgrowth, 
to which the name of ‘ lymphatism,’ or status lym- 
phaticus, has been given. The condition is commonest 
in iwfftnfa j though not unknown in adolescents. The 
subjects ore usually plump and flabby, with a pasty 
complexion. Hypertrophy of the tonsils, perhaps a 
slight swelling of the thyroid, and sometimes dulness 
behind the sternum, may be detected. 

Death may be dramatically sudden, or there may be 
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'tbyraio utbma/ followed by heart failure. Tb^ 
succumb readily to ansesthetios; chloroform and ether 
seem equally dangerous. After a brief administration 
the patient may go rigid, or have a slight tetanic con- 
vulsion, and die forthvrith. It is possible that some 
of the oases of sudden death while bathing are due to 
lymphatism. There is no doubt that lymphatism is a 
real condition; the pardonable scepticism which exists 
as to its reality is due to its being invoked to explain 
too many misadventures. 

Four explanations have been given of the sudden 
death: 

1. Pressure on the trachea, the vagus, or its branches. 
Flattening of the trachea has been observed post 
mortem, and relief of dyspnoea has followed raising of 
the gland from the trachea by operation. Thymic 
death is not from asphyxia, however, but from syncope. 

Nor could death be due to laryngeal spasm from 
pressure on the recurrent laryngeal nerves. Such 
spasm to be fatal must be bilateral, and the right re- 
current laryngeal nerve hardly enters the thorax at alL 
Moreover, there is not the typical crowing inspiration 
of laryngeal obstruction. 

Pressure on the vagus is possible, and would cause 
syncope. 

2. Intavascular clotting. An extract of thymus 
gland will cause intravascular clotting, and therefore 
sudden death, but this does not represent a normal 
i ntflrriftl secretion of the thymus, and simply owes 
its activity to the thrombokinase it contains. More- 
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over, intravABoular elotting u eojupioaovudy absent in 
oases of ‘ thymio death.' 

‘ 8. Toxamia. The general hypertrophy of the lym* 
phoid tissue suggests ^t the body is reacting to some 
infective process. The adenoid tissue of children has a 
great tendency to react to irritation. On this view 
the death is merely the terminal event of a prolonged 
intoxication, the nature of which is at present un- 
known. The toxin is presumed to act on the respira- 
tory and cardiac centres in the medulla. 

4. Anaphyhxw. The sufferer from status lympha- 
tious is prone to anaphylactic shock which may bo 
fatal. 

Kidney.— There is no evidence of an internal secre- 
tion formed by the kidney. Bose Bradford observed 
increased excretion of urea after removal of a con- 
siderable proportion of the substance of the kidneys in 
dogs, which was thought to point to a regulation of 
nitrogenous metabolism by an internal secretion. 
Beddard and Bainbridge have shown that this rise in 
nitrogenous output was probably merely that of the 
later stages of starvation from any cause. Extracts 
of kidney have not met with any therapeutical success. 

Musdle.— The use of meat-juice (zomo-therapy) in 
pulmonary tuberculosis, and of meat-extracts to 
stimulate secretion of acid in the gastric juice, may 
also be classed as examples of organo-therapy. 

Though many other organic extracts have been 
used empirica^y, it •cannot be said that they 
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have achieved, or, for that matter, have deserved, 
much success; for the preliminary proof that the 
extracts contained any active ^principle whatever has 
been lacking. Starling looks forward to an important 
futiue for organo-therapy conducted on right lines 
when he says: * If the mutual control ... of the 
body be largely determined by the production of 
definite chemical substances in the blood, the dis- 
covery of the nature of these substances will enable us 
to interpose at any desired phase in these functions, 
and so to acquire an absolute control over the working 
of the human body. Such a control is the goal of 
medical science.’ 

Far though we may be from such a goal, the study 
of hormones offers a profitable field for research. 
For it is only by an exact knowledge of the bodily 
processes in health that we can learn to* intervene 
effectively in disease. 



CHAPTER II 

THE RATIONAL TREATMENT OF GASTRIC 
DISORDERS 

Rbobnt important additions to our knowledge of the 
digestive processes have modified the rational treat- 
ment of gastric disorders. 

The Nervous Factor in Gastric Digestion. — We 

owe the fundamental experiments on this subject 
to the Russian school of physiologists. PavlofF, by 
dividing the oesophagus in dogs, and fixing the divided 
ends to the skin, completely separated the cavities 
of the mouth and stomach. Food taken into the 
mouth would naturally drop out of the gullet: this is 
termed * sham feeding/ but * direct feeding ’ could also 
be carried out by passing food into the stomach by 
way of the lower segment of the oesophagus. In some 
oases a separate cul-de-sac was made out of a portion 
of the stomach. This pocket opened on to the surface, 
SO; that the digestive processes in it could be easily 
observed; it was found that they were an exact reflec- 
tion of those occurring in the main stomach. 

He found that in such a dog the taking of food by 
the mouth was followed after an interval of five minutes 
by a copious secretion of gastric juice; in fact, it was 
45 
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not neoeBsaiy for the food even to be swallowed. If 
the dog wen eho^m the food, secretion would follow, 
until the animal realised it was |iot going to get it. 

Olearly, a neirons agency most be at work. Now, 
if one vagus were previously divided bdow the re- 
current laryngeal and cardiac branches, and the other 
drawn into the wound, the latter could easily be out 
while the animal was feeding. It was found that now 
' sham feeding ’ produced no effect. Conversely, if 
the vagus bad been previously drawn into the wound 
and divided, to allow the oardio-inhibitory fibres to 
degenerate, stimulation of the peripheral end, too weak 
to cause the ftnimal any pain, led to a secretion of 
gastric Juice. 

On the other hand, ' direct feeding ’ into the stomach 
led to hardly any secretion, if the animal did not see 
the food. 

The value of an appetite in aiding digestion was more 
clearly proved by the following experiment: Two dogs 
had 100 grammes of meat introduced direct into the 
gastric cul-de-sac; one dog's attention was distracted, 
so that he did not know he had received food, while 
with the other a vigorous ' sham feeding ’ was kept 
up at the same time. In the first hour the first dog 
digested only 6 grammes, while the other digested 80. 
The difference represents the digestive value of the 
passage of food through the mouth, and the con- 
sequent rousing of the appetite. 

The character of the juice poured out varied greatly 
with the diet that excited it. * Thus, a meal of bread 
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caused the seoretion of a small amount of juice, rich 
in pepsiB) but poor in acid. Meat caused a much larger 
^isoretion of a juice weaker in peptic power, but con* 
taining more add. Milk required even less pepsin to 
digest it than meat. Bennett and Dodds, however, 
consider that in modem man whose stomach is fre- 
quently filled before ever appetite has had an oppo^ 
tunity to become awakened, the psychic factor is not 
of great importance. 

The Ohemioal Factor In Oastrlo Digestion.— Me- 
chanical stimulation of the gastric mucosa will lead 
merely to an outpouring of alkaline mucus, but oertam 
ohemioal stimuli will result in true seoretion. As 
clinically ohemioal factors are more under our control 
than nervous ones, these are of practical importance. 

We may arrange the effect of articles of diet as follows : 

1. Substances producing a powerful secretion: Meat 
extractives such as are contained in soups, broths, and 
beef-tea. The seoretion begins in thirteen minutes. 
Biokel found that in human beings alcoholic and carbon- 
ated fluids, spices, mustard, pepper, salt, cloves, also 
produced an abundant secretion. Graven Moore and 
AUanson found that tea was a stimulant to seoretum, 
and coffee still more so in some individuals, though 
variable in its action. A cigar after meals stimulates, 
secretion in an habitual smoker. 

2. Substances producing a slight secretion: Milk, 
gelatin^ water. 

8. Substances producing no seoretion: Egg-white^ 
proteose^ peptone^ staroh, sugar, salts of meat. 
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4. Substances inhibiting secretion: Fats and sodium 
bicarbonate. 

In fact, secretion occurs in two stages, the first 
depending on the stimulation l^f the sense of taste 
while the food is yet in the mouth, the second occurring 
when absorption has begun. The mechanism of this 
second secretion has been shown by Edkins to depend 
on a chemical factor, which explains the occurrence of 
digestion after division of the vagi. The pyloric 
glands differ widely in structure from the glands in 
the fundus of the stomach. Though the latter are 
simple tubular glands, they are composed of highly 
differentiated cells, the granular chief cells secreting 
the pepsin and rennin, the ovoid parietal cells forming 
the hydrochloric acid. Passing to the pylorus, we find 
a marked change in the plan of the glands, which have 
become wide-mouthed and branched; the lining cells 
are neither granular nor ovoid, but closely resemble 
those covering the surface of the stomach. 

No theory of gastric secretion can be satisfactory 
that does not account for these striking differences of 
structure. It is the merit of Edkins’ work that it at 
once explains the structural difference and the method 
of secretion in the absence of nervous impulses. He 
found that an extract of pyloric mucous membrane 
injected into the circulation of a fasting animal would 
cause the secretion of a juice contaming both hydro- 
chloric add and pepsin. A similar extract of fundus 
glands produced no effect. Pyloric glands, therefore, 
produced a chemical stimnlant,/or hormone to the con- 
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tinned eeoietion of gastric juice by the fundos glands, 
which is termed gastric secretin. 

’ He tested the efficacy of certain snbstances in 
evoking this stimulant in the pyloric glands. Meat- 
extract was the most marked and consistent in its 
effect, the percentage of acid being from 0*06 to 0*16 
per cent. After meat-extract came dextrose and then 
dextrin. Hydrochloric add itself had very little effect. 

He then divided the stomach into two portions by a 
tampon, and was able to prove that all the active juice 
was formed in the fundus, while the function of the 
pyloric portion was absorptive. 

It follows that, as the food passes over into the 
pyloric portion, it can be sent on into the duodenum, 
if it be already sufficiently digested, but otherwise it 
is kept in contact with the pyloric glands, where it 
evokes renewed secretion from the fundus glands to 
complete its digestion. And, indeed, if the appetite and 
sense of taste were the only stimulants to secretion, 
how would digestion be completed when the former was 
assuaged and the latter no longer exercised ? Many 
animals, their hunger being satisfied, soon fall asleep. 
We see now that the secretion, started by nervous im- 
pulses, is continued by chemical stimuli, which will act 
as Inwg as there is food in the stomach. 

Movements of the Stomach. — This is a subject on 
which X rays have given ns much information in 
recent years. The oesophagus enters a little below 
the highest point, the part above the oesophageal 

opening being always occupied by a certain amount of 

4 



60 


PHYSIOLOGICAL PRINCIPLES 


gaa. Then comes the body of the stomach, mamly 
vertical, and separated from the pyloric portion by 
the incisara angularis. The greater curvature reaches 

inches below the umbilicus. As shown by Hurst, 
there is a great difference between the appearance of 
the stomach with the X rays and its position as de* 
termined by any method of percussion. 

The amount of bismuth which is given for the pur* 
pose of taking X-ray photographs is 4 to 6 ounces of 
the carbonate or the oxy-chloride. These do not 
produce toxic effects, although the subnitrate may. 
Barium sulphate is also used, as it is cheaper, but it 
gives a less definite shadow. Either is given with ground 
rice, gruel, bread and milk, or suspended in water, 
with some lactose. A thin emulsion is now frequently 
used, which can by manipulation be pressed into 
different parts of the stomach. It is, of course, 
necessary, before examining a patient in this way, that 
he should not have bismuth as a medicine for two or 
three days beforehand, otherwise the shadow will be 
obscured. The stomach should be examined both in 
the erect and in the recumbent postures, and omission 
of this precaution has led to’ serious errors. In the 
recumbent posture the stomach normally tends to 
adopt an hour-glass shape, from the weight of the 
bismuth on either side of the vertebral column. 

Although the mere weight of the meal must affect 
the appearance of the stomach, this does not interfere 
with comparisons between the healthy and the diseased 
organ. The stomach may qfiange its shape within 
^de limits and yet be perfectly normal As Sherring- 
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ton puts it, I there is a variation in its posture by which 
the effect of gravity is overcome. Such changes are 
merely variations in the degree of tone. For this the 
ciioalar and longitudinal mosoalar coats are responsible. 
They also produce the peristaltic waves, but the two 
functions appear to be independent of one another. 
The oblique band of muscles acts as a sling supporting 
the stomacL Fluid passes down the empty stomach in 
any of the channels formed by the rugs, especially 
in those dose to the lesser curvature. Solids are held 
op for a time at the cardiac end. In general terms, the 
cardiac end is a reservoir, the pyloric antrum a mill 
(Sherrington). Peristaltic waves are, therefore, much 
more active at the pyloric end, and can be seen sweeping 
towards the sphincter about three times a minute, 
gaining force as they go. As the stomach empties it 
is pulled up until the pyloric orifice becomes the lowest 
part, which assists the completion of the process. 

Cannon found that if carbohydrate be taken at the , 
beginning of a meal it soon passes into the duodenum, 
but if protein be taken first the onward passage is 
ddayed. This is because the acid of the gastric juice 
does not become fixed by carbohydrate, but, remaining 
free, is able to influence the sphincter; protein, on the 
other band, fixes the acid so that until digestion has 
proceeded far enough to set the acid free again the 
pylorus remains closed. 

This is an adaptation to the fact that carbohydrate 
cannot be digested by gastric juice, so that as soon as 
acidity has put an end tp salivary digestion no useful 
purpose is serv^ by its retention in the stomach. 
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Whereas add on the gastrio side of the pyloioa 
tends to open the sphincter, as soon as it reaches 
the duodenum it leads to dosu^e of the orifice. Thb, 
as Gannon points out, is in accordance with the 
general law of peristalsis, that dilatation occurs below 
and contraction above the place of stimulation. Long 
after the fundus has returned to its fasting condition, 
the pyloric portion contains food, and shows those 
vigorous waves of contraction which form the ' gastrio 
mill.’ The semi’digested food is thus kept in close 
contact with the glands in which the stimulant to 
gastrio secretion is elaborated, thereby providing 
for its own digestion. The much greater frequent^ 
of lesions at the pyloric as compared with the cardiac 
end is probably due to injuries incidental to its greater 
activity. 


Praotioal Dedaettoni. 

The nervous factor in gastrio digestion affords a 
sdentifio explanation of the old adage, * Hunger is the 
best sauce.’ Indeed, as we have seen, it is a sauce 
which will increase the rate of digestion fivefold. 
This should lead us to attach great importance to the 
personal equation in dieting a patient. Too rigid a 
dietary, albeit compiled on an admirable chemical 
basis, may prove distasteful and upset the appetite, 
thereby preventing all the good that mi^t be ex- 
pected. Nevertheless, in neurotic patients the very 
rigidity may cause interest, ^d thus exdte the appe- 
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tite> I onoe saw an example of this in a typical 
nenrasthenie. He complained that his food ' did him 
no good/ and he lost nntil, becoming alarmed, he 
underwent a ' cure ’ in Germany. It depended on an 
exact analysis of all the excreta, on the result of which 
the menu for the next day was drawn up. This pro* 
cess, which would have been repulsive to the average 
man, excited his interest keenly, and he throve greatly. 
He is now firmly convinced of the unscientific character 
of English physicians. The personal equation is, I 
think, too often neglected. Thus, fat has an inhibi- 
tory effect on gastric secretion in any case; to force 
it on a child who loathes it may be good moral dis- 
cipline, but it is certainly bad physiology. 

Our dietetic restrictions and prescriptions are too 
much dictated by fashion. Except in cases where we 
most forbid something ior a perfectly definite reason, 
our patient’s likes and dislikes should be carefully 
considered: whereas it is our own likes and dislikes 
which reappear constantly in our dietetic schemes. 
Given a certain knowledge of the man, one can predict 
fairly accurately what he will recommend to any 
patient. The dyspeptic is often a diligent seeker after 
medical advice, and when be tries to harmonize the 
various dietetic gospels he has received, his opinion 
of our profession is not enhanced. 

* There is to be observed a sort of fashion running 
through these restrictions,’ says Sir William Roberts, 
’yet I know not on whoso authority they repose. 
. . . They are, for the most part, quite unmeaning; they 
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Bttnd on no ground of sdenoe or experience, and are 
gratuitously punitive to our patients. . . . There 
are oases in ivhioh a certain funount of coercion is 
salutary and even necessary. In neurotic and hysteri- 
cal persona the stomach sometimes shares in the 
general instability, or it may even be the duel 
offender.’ 

It Is curious that often quite opposite methods of 
restriction should both be successful. A patient goes 
to one physician, whose opinion is that all purins are 
deadly poisons. He is put on a purin-free diet, and 
improves. Tiring of the restrictions, he seeks- advice 
from another physician, whose opinion is that most 
ills are due to incomplete combustion of carbonaceous 
foods. These are now restricted, while he takes meat 
freely, and again he improves. 

The explanation is that this is a type ‘of patient 
who eats and drinks too mnoh. Variety of diet stimu- 
lates his appetite, while the monotony entaUed by 
abstention from so many pleasant things results in his 
eating less altogether. 

In fact, there are surprisingly few instances in which 
the addition of or abstention from some particular 
' article of diet can be relied upon to produce a specific 
effect. Examples wiU be considered in their appro- 
priate places. 

The late Sir Andrew Gark was accustomed to forbid 
his dyspeptic patients to take soup, on the ground 
that, by diluting the gastric juice, it prevented diges- 
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tion bom prooeeding. The adyice was good in many 
eases, thon^ the explanation was nnphysiolopoaL 
At this stage the gast|io jnioe has not been seeieted, 
and therefoie eannot be diluted. Moreover, ol all the 
ehemieal exeitants ol gastric secretion, meat-extracts 
have proved the most efficadous. To a tired man the 
warm fluid, causing gastric vaso-dilatation, and contain- 
ing a stimulant of the gastric juice, while not in itself 
taxing the digestive organs, is an exceBent beginning 
to a meal. It is important to note that meat-extracts 
mainly affect the production of hydrochloric acid, and 
cause little secretion of pepsin. In hyperchlorhydria, 
therefore, meat-soups are distinctly contra-indicated, 
while to dyspeptics with inadequate gastric secretion 
they are beneficial. 

This explains the discrepancy between the results 
of analysis of meat-extracts and the popular estimaie 
of their value. Their nutritional worth, so far :r4)ni 
being accurately represented by pictorial advertise- 
ments, is stated to be equivalent to that of a teaspoon- 
ful of ™ilh in a tumblerful of water. Yet as stimulants 
of gastric juice they have a decided place, -and a 
pitffiftnt may be able by their aid to tolerate a restricted 
and uninteresting dietary. But we must remember 
that we are not giving food; we are only preparing the 
way for food. 

The tax which vegetable as compared with animal 
protein imposes upon pepsin should not be forgotten 
in the construction of ^ dietary. Herein lies the 
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adrantage of lightly cooked minced meat; it reqnireff- 
little pepsin, it does not easily ferment, and it does not 
leave a large indigestible residu^ It is for this reason 
that it has proved useful in dilatation of the stomach. 
Surely it is a fallacy to administer so much starchy 
food in dyspepsia, as is frequently done, when we 
consider its liability to ferment and the quantity of 
juice required for its digestion. A preparation that 
looks like milk does not necessarily become digested 
like milk ! Harry Campbell has protested stron^y 
against starchy food in the form of pap. It has to be 
swallowed at once, without any chance of salivary 
digestion, while in the solid form, requiring a good deal 
of mastication, it excites enough secretion of saliva 
to initiate its conversion into sugar. For this reason 
toast, biscuit, and rusk can often be digested when new 
bread or mashed potatoes cannot. 

In many respects the physiologist's discoveries 
have been anticipated by the chef. We see the ad* 
vantage of beginning a meal with soup to excite secre- 
tion, and of finiflhin g with sweets, when the cardiac 
portion of the stomach will retain the food and permit 
continued digestion of the carbohydrates by the saliva. 
The postprandial cup of black coffee receives scientific 
sanction. The surroundings of a meal may have a 
physiological as well as an (esthetic value. 

PavlofiTs experiments also explain the different 
value attached to bitters by the cUnician and the 
pharmacologist. It is true that, introduced directly 
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into the stomach or into the oironlation, bitters are 
ineffective^ bat by exciting the nerves of taste and 
droosing the appetite jrhile passing throogh the month 
they may be a distinct aid. 

This has an important application in the treatment 
of patients on whom gastrostomy has been performed 
for strictnre of the oesophagas. That the strictnre is 
nsnally malignant is held to be snffioient explanation 
of the fact that each patients do not thrive. Bat they 
are also losing the powerful aid of ‘ appetite joice,’ 
since the food no longer passes through the mouth. 
It is easy and rational to place sapid substances in 
the mouth to excite the sense of taste, while feeding 
through the gastrostomy wound is going on. 

I know of one case in which the patient himself 
requested that he might take the food into his mouth 
and, after mastication, place it in his stomach through 
the gastrostomy wound. The request was granted, 
and the change seemed to benefit him. It was con* 
sidered merely an unpleasant eccentricity on his part, 
whereas really he had anticipated Pavloff’s discovery. 

The Add of the Gastric Juice. 

Of all the constituents of gastric juice, hydrochloric 
add is the most variable. Pepsin disappears in achylia 
gastrica, and is much diminished in gastric carcinoma, 
but otherwise alters but little in disease. How 
important the hydrochloric add is can be realised by 
enumerating its functions. 
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L It u essential to the activity of pepsin, which is*' 
powerless in a nentral medinm. 

2. It is antiseptic. 

8. It hydrolyzes starch to some extent, like any 
other mineral acid. 

4. It regulates the pyloric sphincter. 

5. It is a stimulant to the pancreatic secretion. 

In gastric disorders it is often the hydrochloric acid 
that holds the key to the situation. If there were no 
hydrochloric acid, one would expect no digestion in the 
stomach, while fermentation would proceed apace in 
the absence of the normal antiseptic. 

The method of fractional test meals has, however, 
shown that even in healthy individuals there is a 
considerable variation in the secretion of hydrochloric 
add. The fasting contents of the stomach ore removed 
before a meal of oatmeal gruel is given. An Einhoro 
tube is passed aud small quardifies of the gastric 
contents are removed at regular intervals by suction 
for analysis. The total amount should as a rule be 
withdrawn at the end of 2^ hours. 

Bennett and Byle used this method on 100 healthy 
medical students and plotted out the curves obtained. 
Of these 91 showed an iso-secretory curve— that is 
to say, that m spite of individual variations the per- 
centage of free HGl rose steadily daring the first hour 
and subsequently fell towards its original concentra- 
tion. Four of these 91, however, showed a much 
shorter curve of a similar type, the stomach being 
empty in three-quarters of an boor. Of the remainiitg 
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• ninet foul showed a complete achlorhydria, although 
they had no dyspeptic symptoms and th^ remained 
'quite weU for the two years they were under observa* 
tion; five showed a climbing type of curve, such as is 
associated with juxta-pylorio ulcers and pylorospasm. 
It is important to note that this method gives the 
conoeniraUon of the acid secreted, which is a very 
different thing from actual amounts. 

Dodds has confirmed these observations by a different 
method. He has shown that during the secretion of 
the hydrochloric acid into the stomach, there is a rise 
of CO| in the alveoli of the lungs, and a fall during the 
secretion of pancreatic juice. His explanation is that 
the secretion of acid into the stomach would tend to 
lower the hydrogen-ion concentration of the blood, 
if this were not prevented by the blood retaining GOj, 
with consequent diminution of pnlniomirv ventilation, 
so that the ('()„ in the lungs is not washed out so 
much. On the other luiiid. the secretion of alkaline 
pancreatic juice from the blood would raise its hydrogen- 
ion concentration if there were not increased pulmonary 
ventilation to wash out GO, as well. This rise and 
subsequent fall correspond accurately to Bennett’s 
and Ryle's results and further serve to distinguish 
between the secretion of a little acid of higher con- 
centration and of a larger amount of acid, although of 
lower concentration. For in the latter instance the 
rise of alveolar GO, will be greater. 

It is too early as yet to come to final conclusions on 
these observations. R must be admitted, however. 
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that they seem to make the acid of the gastric joice 
of less importance than has hitherto been bdieved, for, 
as Bennett says, in healthy ^onng adnlts achylia 
gastrica appears to be about as common as red hair. 
The authors lean towards, a local nervous reflex as the 
important factor in gastric and pancreatic secretion, 
since they find that the Ipcal application of atropin 
to the gastric or pancreatic mucosa prevents this rise 
and fall respectively. 

The principal eondUions under which the acid of Ac 
gastric juice is dejicient or absent are : 

1. Chronic gastritis. 

(a) Simple atonic, in which only the hydrochloric 
acid is reduced. 

(b) Mucous, in which the acid is reduced, while the 
mucus is considerably increased. 

(c) Atrophic (achylia gastrica), in which hydro- 
chloric add, pepsin, and rennin are all absent. This 
may also occur in pernicious ansmia. 

(d) The gastritis of cirrhosis of the liver. 

(e) The gastritis of congenital hypertrophic stenosis 
of the pylorus in infants. 

2. Malignant disease. 

Hydrochloric add is usually absent from the gastric 
juice in malignant disease of the stomach, and always 
reduced. Various explanations have been given for 
this. 

(L) Beissner found that, although there was loss of 
free hydrochloric acid in the gastric juice, the total 
chlorides were not decreased.* This points to the 
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neatralization by alkaline fluid secreted by the Borfaoe 
of a new growth. Graham’s observations on the 
increased ratio of mineral chlorides to active hydro* 
chloric acid confirm t£is. 

(iL) B. Moore and his colleagnes maintained that 
there is a low secretion of free hydrochloric acid when 
malignant disease is present anywhere in the body, and 
not simply in the stomach, due to a diminution of 
^ hydrogen ions in the blood. While it seems clear that 
if metaholism be sufficiently depressed the output of 
add is deddedly affected, it is too much to claim that 
malignant disease is peculiar in this respect. While 
hydrochloric acid may be absent in any cachectic 
condition, the active acid is not necessarily diminished 
in early or uncomplicated carcinoma of organs other 
than the stomach. Copeman and Hake found that in 
mice with carcinoma of other organs than the stomach 
there was no reduction in the active hydrochloric add, 
but even a slight increase. And, as Willcox points 
out, it is illogical to draw a distinction between free 
HGl and HGl combined with protein. 

(iii.) Another factor that seems to me to have been 
overlooked is the loss of gastric secretm, which is 
a powerful stimulant to the secretion of the acid. 
The pyloric region is the one most frequently affected 
by cancer, and though hydrochloric acid is not formed 
there^ destruction of the pyloric glands involves the 
loss of the chemical factor in gastric secretion. This 
would explain the cases where the total secretion of 
cUorides is low. 
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With all these inflnenoes— neutralization, depressed* 
metabolism, and loss of the ohemioal stimulant — at 
work, the absence of free hydrochloric acid is not sur- 
prising. 

The prindpal condUixm under whieh ihe acid of fhe 
gasirie juice is increased are : 

1. ‘ Sthenic ' dyspepsia, or the so-called acid dys- 
pepsia of otherwise healthy persons. 

2. Peptic ulcer, gastric or duodenal. 

8. Chlorosis. 4. Cholelithiasis. 

6. Chronic appendicitis. 6. Colitis. 

Craven Moore suggests the term ' reflex dyspepsia ’ 
for hyperchlorhydria, which has the advantage of 
emphasizing the method of its production. It implies 
the existence of a lesion or an increased excitability 
of the reflex nervous mechanism, often botL If the 
lesion is severe, it can make itself felt, even though 
the nervous system is normal; but if the nervous 
system is unduly irritable, a very small lesion may 
produce marked symptoms. Thus we can understand 
why it occurs in the type of man it does, and why the 
man ' who in the prime of manhood was a martyr to 
dyspepsia ... in his later years, when his nerves are 
blunted . . . eats and drinks with the courage and 
success of a boy.’ Another factor in the production 
of hyperchlorhydria which I have noted is the stimulus 
of a change of diet, such as occurs during a Continental 
holiday. 

I do not think we can go as far as Moynihan in 
ass^ing that all oases of hyperchlorhydria depend on 
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fixi organil leBion, usually an ulcer; but; the diagnosM 
of aimple^ hyperohlorhydiia, or ‘Bthenio dyapepria,’ 
ought not to be made untfl erery effort has be6p made 
to ezdnde the other Mnditions in which hyperehlo^ 
hydria ooenta. It will be noted that these are chiefly 
conditin™ lower down in the alimentary canal. Now, 
if the intestine be wounded experimentally, there is 
inhibition of movements for some distance above, and 
there may also be spasm of the pylorus lasting for 
several hours. In the same way a duodenal ulcer, 
gall-stones, old appendicitis, and colitis set up , a 
protective spasm above. This is usually at the 


pylorus, preventmg the escape of acid from toe stomaco, 
and the regurgitation of alkaline fluid from the duo- 
denum into the stomach. This would check neutraliza- 


tion and therefore give a higher yield of acid in the 


test meal. (Bolton and Goodhart). Hyperchlorhydria 
then does not necessarily mean increased secretion. 


The contraction of the stomach against a closed pylorus 


would increase intragastric tension which would explain 
the occurrence of pain. The existence of this spasm 
is readily demonstrated by the X rays. The leading 


symptoms in hyperchlorhydria are: 

1. Pain, especially towards the end of digestion, 
when the stomach is getting empty. The pain, there- 
fore, comes on sooner after a light meal, such as after- 
noon tea, than after a heavy meal Thus, after 
evening dinner there may be freedom from pain till 
the middle of the night. The taking of food tempo- 
rarily relieves the pain.,. This characteristic symptom 
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of hyperoblorhydiia has been called * hnnger pain ' by' 
Moynihan, who regards it as pathognomonic of duodenal 
ulcer. This pain is not the direct effect of hyper* 
acidity, for Hurst has introdu^ stronger acids than 
are ever found in hyperchlorhydria without evoking it. 

Moreover, in duodenal ulcer the stomach begins to 
empty quickly, and although during that time acid 
contents are passing over the ulcerated surface there is 
no pain; but later on when, as X rays show, the pylorus 
has gone into spasm, the pain returns. 

2. Pyrosis. — This term should be kept, as Sir WiUiam 
Roberts advised, to a paroxysm of gastric cramp, ao* 
companied by a sudden gush of saliva into the moutL 
It is an attempt on the part of the body to neutralize 
the excessive acidity of the gastric juice by the alkaline 
saliva, but, like so many pathological attempts at 
repair, it overshoots the mark; for it is impossible for 
such a quantity of saliva to be swallowed. Cardiospasm 
may increase this symptom by preventing the saliva 
from entering the stomach. 

8. Appetite lor Indigestilde Things.— The patient 
feels more comfortable when the gastric juice is given 
plenty to do, and therefore he often eats largely. 
There may be a positive craving for fat, which is 
comprehensible in view of its inhibitory effect on 
gastric secretion. 

Much can be learned from a careful comparison of 
the symptoms of hyperchlorhydria and achlorhydria, 
and I have placed the most important points of con* 
trast in parallel columns. Fpr many of these I am 
indebted to the writings of Leonard Williams. 
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Atonio Pytpepdo. 

Reflex l^pepeio. 

Teat meal 

DiminiBhed ifci 

InoreaMdHG. 

Type of 
patient 

Mental 

State 

Appetite 

Polae 

WeaUja nervousa or 
oonvaJesoent. Gener- 
ally tea-diinkm 
Deprasion 

Stronga active, eneigetio. 
Seldom teetotaleie. 

Irritability. 

Gapiioions or absent 

Qniok and feeble 

Vorodonaa e^teoiolly for 
Indigestible things 
Good volame. 

of pain 

j^iBOoiuioro pro* 

■enta beooming acute 
^)am soon of ter taking 

iTaiii raiovoQ oy 

food, returning oa the 
stomaoh is getting 
empty. 


The ooouzrenoe of oloeration in the stomaoh oonloBeB 
the dinioal piotuxe, since, althouf^ associated with 
hyperohloAydiia, it may occur in weakly, anemic 
girls, and thepain,far frombeingrelieyed by taking food, 
is rendered acute. The localized character of the pain 
and the superhcial tenderness will be important guides. 

There are many oases, however, in which simple 
considerations are not sufficient, and recourse must 
be to other methods of examination, such as the 
test meal and the X rays. Even from the test meal 
it would not be possible to diagnose between duodenal 
ulcer and simple hyperohlorhydria, but in the ex- 
amination of the tsBoes for occult Uood we have a very 
important guide. This is a simple enou^ test, and it 
is also valuable in the diagnosis of malignant disease 
of the alimentary tract, because by this method blood 
will be found in praotioally every specimen of the ftsces. 

Small oontinuoai losses of blood are Epical of aaxci* 

5 
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noma of the alimentaiy tract. In simple nloerinteimit-^ 
tent and larger losaea of Mood are more likely to be met 
^th. If a patient has never jiad melsna or bii^'t 
blood in the stoob, bnt gives on three separate oooasions 
a positive result with the test for oooult blood, there is 
probably malignant disease of the alimentary tract. 

The test is performed as follows: 

Take a small portion of fsoes in a test-tube, add 
abont 6 o.e. of water and boil thoroughly to destroy 
any vegetable oxidases, which would give a positive 
result, even in the absence of blood. A little benzi- 
dene is now added to some glacial acetic acid until a 
saturated solution is prepared. Ten drops of this are 
mixed with about 8 drops of boiled fecal extract, 
and then 90 drops of a 8 per cent, solution of hydro- 
gen peroxide are added. If any blood is present in 
the feces, a blue colour will appear in about two 
minu tes. A pale green oolour is not enouf^; it most 
be a red blue. Boas’ reagent is less sensitive but lees 
liable to error. It is phenolphthalein reduced by one 
dost in the presence of caustic soda. One o.o. of this 
with equal quantities of boiled feed extract and 
hydrogen peroxide, turns red in the presence of blood. 
These are usefd additions to the methods of examina* 
don of gastric diseases. But it is very important 
before employing such tests that the patient should be 
put on a meat-free diet for three days, and that the 
bowels should be opened in between. A soap-and- 
water enema should not be used for this purpose, as 
soap tends to prevent the 'reaction. There is no 
objection to a simple water enema. 
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ftlndjitof of TreBtamt in Aithenfe DytpettlM 
(A|lilorhydila). 

It goes without saying that in all foims of gastric 
affections the condition of the teeth and gums calls 
for attention. Carious teeth and pyorrhoea mean that 
mastication eannot be duly performed, and that septic 
absorption is taking place. But they are speoiaDy in* 
jurions in achlorhydria, where the antiseptic action of 
the hydroohlorio acid is lost. The improvement in 
gastritis after removal of this source of infection is 
often surprisingly rapid. 

Bunge has directed some pertinent oritioisms against 
the indiscriminate use of alkalies in fermentative 
dyspepsia. While it is quite true that an alkali, by 
neutralising the acids of fermentation, will rdieve the 
symptoms, it will also neutralize the hydroohlorio a ci d 
of the gastric Juice, without which pepsin is powerless. 
As this acid is also antiseptic, fermentation will proceed 
apace in its absence, while digestion is arrested. 

Except as a palliative, the usefulness of ftlkuliag in 
conditions associated with diminished hydrochlorio 
acid is limited to their administration before Tnflft.la 

Even then it is not obvious how act bene* 

fioially, though the fact is undoubted. It used to be 
stated that they stimulated the flow of gastric Juice, 
but Pavloff found that they inhibited the flow of both 
pstrio and pancreatic juices. He believes that they 
insure physiological rest to a stomach which is in a 
condition of irritable Weakness. Whether this ex* 
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planation be oorreet or not, the solvent action of 
alkalies on mnoin most surety be a help to a stomach 
hampered by catarrhal exudation, enabling digestion 
to start \vith a clean slate. According to Isod Bennett 
bicarbonate of soda also excites a subsequent secretion 
of hydrochlorio add in man, while magnesia does not. 

While too much reliance has perhaps been placed 
on alkalies, certainly the use of acids has been some- 
what neglected. We know that not only is the hydro- 
chloric add essential to the activity of pepsin and to 
the secretion of pancreatic juice, but that it is a valu- 
able antiseptic, and helps the hydrolysis of the fer- 
mentable carbohydrates. We know also that its 
secretion fails in gastritis long before the pepsin dis- 
appears. Yet we still see dyspeptics sprinkling pepsin 
powders over their food while spuming the aid of 
hydrochloric add. 

The combined use of alkalies before meals, followed 
after meals by a good dose of dilute hydrochloric or 
nitro-hydrochloric add with nux vomica,, has given 
me more satisfactory results than dther separately. 
And we should not be niggardly; for even the full 
phatmacopodal dose of 20 minima would only co nf er 
an addity of 0*02 per cent, on a pint of fluid. Addol, 
otherwise known as oxyntin (betain chloride) has the 
advantage of gradually giving off hydrochloric add in 
aqueous solutions, and is more effective than the aim p| a 
add. It is quite stable in the dry state, and is readily 
^soluble in water. Pastilles containing 7} and 15 grains 
put up, and are equivaleni to about 6 and 8 miniTc s 
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of hydroohlorio acid teepeotivdy. They ahonld be 
given freshly dissolved, and not swallowed in the solid 
form. Patients may tolerate the acid in this form 
without difficulty. But it must be admitted that it is 
far more difficult to rectify a deficient than an excessive 
secretion of acid in the gastric juice. This is probably 
related to some aspect of the alkali reserve of the body 
which is at present not understood. 

In order to obtain appetite juice the idiosyncrasies 
of the patient must be studied. The condition is 
commonest in women, who are notoriously indifferent 
to the pleasures of the table, but whose sesthetic sense 
is responsive to pleasant surroundings and dainty 
service. 

I have often allowed some food for which the patient 
had a special liking, even though it may have a bad 
reputation in dyspepsia. And the result seems to 
have justified this course. Articles which obviously 
disagree will naturally be prohibited, and it will usually 
be found that fats or meat with much fat in the fibre 
cannot be tolerated, because of their inhibitory effect 
on gastric secretion. As already explained, carbo- 
hydrates in the form of pap should be avoided. 

Pavloff showed that he could retard the digestion 
of protein in dogs by mixing it with starcL And 
Gannon’s observations suggest another important 
reason against this procedure if gastric secretion be 
inadequate. When carbohydrates are given with pro- 
tein they are retained in the stomach, and can ferment. 
But given by themselves they pass on more rapidly 
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into the sphere of influence of the pancreas, where they, 
are digested by the amylopsin. Therefore is it ad- 
visable not to give carbohydrate and protein together 
but to give them as separate meals. Protem can often 
be tolerated as lightly cooked minced meat. 

Both in this and in the opposite condition of hyper- 
chlorhydria it will, of course, be necessary to see that 
the bowels are freely opened. Small divided doses of 
calomel, followed by a saline purge, form an important 
preliminary to the treatment. 

The golden roles, then, which I believe should guide 
the treatment of atonic dyspepsia are— 

1. Satisfy yourself that the case is one with di- 
minished secretion of hydrochloric acid; in other 
words, make a correct diagnosis. 

2. Encourage the secretion of ‘ appetite juice ’ by 
careful consideration of the patient’s idiosyncrasies. 

8. Encourage the chemical stimulation of gastric 
juice by a sixiall amount of meat-extracts or beef-tea 
at the beginning of a meal. * 

4. Never give carbohydrate in the form of pap, but 
in a form requiring mastication, and only give very 
small amounts with any protein meal. 

6. Avoid fats. 

6. Give acidol after food, and give alkalies witii 
bitters only before meals when catarrhal signs are 
present. 

7. Attend to the teeth and bowels. 

8. Look for early signs of dilatation and treat it 
by lavage. 
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PrindplM ol Traatment in Reflex Dyspepala 
(Hyperohlorhydria). 

* The cause of the hjjperchlorhydria must be sought 
for and treated. The administration of alkalies after 
meals is a rational procedure for the relief of symp> 
tomSf and no doubt the success of this treatment, 
indiscriminately employed as it often is, is due to the 
large proportion of hyperohlorhydrics among dys- 
peptics. The best alkali for the purpose will be one 
that is insoluble, thus having a slow, continued action, 
and does not distend the stomach by the evolution of 
carbonic acid gas on neutralization. It is, moreover, 
possible that the evolution of this gas stimulates the 
secretion of hydrochloric acid. Accordingly, I prescribe 
1 to 2 drachms of liq. bismuthi hydratis (Parke Davis), 
with 10 grains of heavy magnesia or 1 to 2 drachms of 
cream of magnesia. The combination has the advan* 
tage that, while bismuth is constipating, magnesia is 
relaxing. Moreover, magnesia is the most effective 
antacid we have. I sometimes prescribe the two 
drugs in separate bottles with some hydrocyanic acid 
and earda mnina, telling the patient to regulate the dose 
of each according as he is constipated or relaxed. The 
bismuth lozenge of the British Pharmacopcsia, as 
recommended by Sir W. Roberts, or the magne sia 
logmgfl Bftllftd alk a gen , is often effective. They should 
be sucked slowly, thus providing for the swallowing 
of much ftlkalinfl saliva as well as the alkaline drugs. 
Their portability is ftuntb er factor in their usefulness 
to sufferers, who are often of an active temperament. 
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The addition of tinotare of belladonna to a mixture 
maj have a good effect, beoanee it is a powerfol'in* 
hibitor of secretion. Graven Moore advises the use 
of bromide at the beginning of treatment to depress 
the excitability of the nervous reflex, and I have found 
this a most useful addition. Kaufmann believes 
that lack of the gastric mucus, which is normal^ a 
protection to the stomach, is a factor in producing pain. 
It is probable that any success attending the empirical 
use of silver nitrate is due to the gastric catarrh that 
it induces. He advises lavage with silver nitrate 
solution, 1 in 6,000 up to 1 in 1,000, for this pur- 
pose, and the method has met with some success. 
The risk of inducing argyrism must be borne in mind. 

Olive-oil or almond-oil before meals may help, by 
reason of the inhibitory influence of fats on gastric 
secretion. Starting with a teaspoonful, the dose may 
be increased up to 1 ounce. 

As to diet, I have followed the plan suggested by 
Walter Broadbent some years ago, based upon Pav- 
loff’s work, and that is to give the food in a form which 
will not excite more secretion of gastric juice than can 
be helped. There are five stages in the diet. I give 
the patient a paper with these stages written down, 
and 1 explain that if he is getting better, he can pass 
from 1 to 6, and that if he is not so well he should 
work in the opposite direction. In the first stage, 
which is seldom required except when there is ulcera- 
tion, he is only allowed milk and cream. In the 
second, bread and milk and s^ft milk puddings, such 
as cornflour. Thirdly, bread-and-butter and eggs. 
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Rroftdbent says — although I have not found it so in 
all oases— that they are tolerated beet in the form of 
buttered e^, the butter still further diminishing the 
secretion the gastri^ juice, while the large amount 
of protein in the egg will tend to fix the hydrochloric 
acid. Fourthly, fish and vegetables, and lastly meat; 
while we entirely forbid the use of meat-extracts of all 
kinds, because these stimulate the fiow of gastric juice 
without giving anything for it to act upon. Such a 
scheme is useful in the treatment of hyperchlorhydria, 
enablmg the intelligent patient to modify his diet 
according to the condition of his malady. 

Physiological Principles in the Treatment ol Gastric Ulcer. 

During a period of eight years 428 cases were ad- 
mitted to the medical wards of St. Bartholomew’s 
Hospital as gastric ulcer, 366 being females and 62 
males. Yet in the post-mortem room during the 
same period gastric ulcer was found in 20 females 
and 22 males. It is a striking fact that, while the 
mortality was almost exactly equal, there should have 
been so many more cases of hsBmatemesis in young 
females, and one which lends some support to Hale 
White’s contention that this symptom in young 
women is by no means always due to ulceration, but 
more often to a general oozing from the mucous mem- 
brane, for which he suggests the name of ‘ gastro- 
staxis.’ Some such cases have been operated on for 
hemorrhage, and no sign of ulceration has been found. 
It is dif^ult to exclude superficial erosions, however, 
even at 'operation. Some of them have had yety 
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little gastric pain, and are nsuallj amenable to treat; 
ment. The ones with a definite history of gastric pain 
are less amenable to treatment and more liable to 
relapse; these are probably cafies of tme ulceration. 
Moynihan has pointed out that in the early stages of 
a gastric ulcer, there may be a sense of prostration at 
just the interval after food at which pain subsequently 
develops. He further states that there is an interval of 
relief after food, unless the ulcer is close to the cardiac 
end. Both of these observations I can confirm. A 
useful distinction between tfastric and d uodenal ulc er 
is this: a light meal is followed by pain more quickly 
than is a substantial meal when there is a duodenal 
julcer. With a gastric ulcer a substantial meal causes 
pain more quicldy, while after a light meal pain may 
not occur at all. Now that we recognize that many 
^ oases previously diagnosed as gastric ulcer were suffer- 
ing from something else, we must modify our views 
as to the success of medical treatment in gastric ulcer, 
and to recognize that relapse is frequent. 

The.orthodox t reatment for hamatemesis is to secure 
physiological rest for the stomach. After an initifti 
i n , ieotion of morp hia, and a dose of BO mininm n f 
ftdran^lin nhInridA a olntion in | ounce o f wate r by the 
mouth, rectal feeding used to be started about twenty- 
four hours after th e hamoj idiage. 

Rectal Feeding. — Although rectal feeding has been 
practised since the time of Galen, its efficacy has not 
been established beyond cavil, and its limitations 
must be recognized. It i| quite impq^ble to 
nourish the body by means of suppositories, which 
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in all probability cannot be absorbed at all. In some 
the reotom and colon have been found loaded 
^th t hem at the post-mortem examination. As the 
large intestine is the principal place for the absorption 
of water, it is essential, if we are to have any success 
Tvith rectal feeding, to take advantage of this fact by 
giving the nourishment in a fluid form. But even in 
this form its eflScaoy is open to doubt. The power of 
the large intestine to digest foodstuffs is very slight. 
Whether undigested albumen can be absorbed at all 
is merely of theoretical interest; it is certainly absorbed 
in much too small an amount to make it of any value 
if thus administered. Prepsin is the only proteolytic 
ferment secreted by the intestme which can break 
down-proteoses and peptone into simpler bodies prior 
to absorption ; it can only act on caseinogen and fibrin 
among the native proteins. As erepsin ordinarily acts 
after pancreatic Juice, we shou ld naturrily predig^t 
V liquor pancreaticus before administfir- 
in g it per red unj this has a further advantage over 
merely peptonizing agents in digesting carbohydrates 
and fats also. Even when the rectal feed is com- 
pletdy pancreatized, it is doubtful how far it can be 
absorbed. Though the large intestine absorbs water 
teadffy, food is normaUy absorbed as completely as it 
can be in the smaU intestine. The highly specialized 
epithelium over the villi is the main agent in this. 
It is a pure assumption to conclude that the widely 
different epithelium of the large intestine can act m 
a manner. Yet the administration of small 
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natrient enemata is based on that assumption, ^t 
has been claimed that the larger enema will get through 
the ileo-oteoal valve, and be absorbed in the small in* 
testine. Church noted in a (^se of duodenal fistula 
that some of a soap-and-water . oTioTna 
t hrough t he opening. Charcoal pa rtides a dminiafftT wH 
in an e nem a have been found in the itpmach. But we 
cannot rdy on this re gurgitation as a ragnlar Avan t. 
Boyd has looked carefully for it by the charcoal 
method, without success. Moreover, only large ene- 
mata can be expected to reach as high, and the larger 
the enema the more difficult it is to retain. 

Turning from these a priori considerations to actual 
results obtained, I will first summarize some of the 
previous observations, and then my own experiments. 

Absorption of Proteins. — Some observers have 
thought that quite large amounts of proteins were 
absorbed. But there was an important source of 
fallacy in the method employed; it was assumed that 
the nitrogen which could not be recovered from the 
bowel was assimilated. But it is notoriously difficult 
to recover everything from the bowel by washing it 
out. Even when daily irrigations have been given with 
scrupulous care, there may be days afterwards an 
evacuation of a large amount of highly putrid material. 
And in any case, some of the protein which disappears 
may have been reduced by putrefactive changes into 
a form in which it has no nutritive value. 

Even assuming that all the nitrogen which could 
not be recovered had been ^assimilated, njtrogenOns 
equilibrium could not be obtained during rectal feed* 
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in g , even those 'who wero aootiBtomed to % diet poor 
in nitrogen (Boyd). 

Laidlaw and Byffel^timated the nitrogenous out- 
put in a ci^se of rectal feeding daring coma, and found 
that it was approximately equal to that obtained in 
the later stages of fasting — as, for instance, with the 
profession^ faster Sucoi, from the fifteenth to the 
twentieth day. The nutrient enemata in this case 
contained the white of nine eggs, 6 ounces of raw starch, 
and 24 ounces of peptonized milk in the day. It may 
be remarked that egg-white would not be readily 
absorbed, while it is doubtful if starch can be digested 
by the large intestine at all. 

Absorption of Carbohpdroies.— Normally, carbohy- 
drates are absorbed by the bowel as dextrose, and 
of all the foodstufib this appears to be the best utilized 
in rectal alimentation. Mutch and ByfFel ad'vise 
6 per cent, of dextrose in 15 ounces of tap water, six- 
hourly, 'with daily irrigation of the bowel four hours 
after the last dose. Using recovery methods, different 
observers claimed that 67 to 100 per cent, was 
absorbed. It has been urged that here again bacterial 
decomposition accounts for much of the disappearance 
of the carbohydrate. Boyd found, however, that the 
BooiUus ccii could only account for the disappearance 
of about 1 per cent., but does not state whether 
the lactic-acid'forming organisms could not be re- 
sponsible for more than this. That dextrose is 
definitely absorbed from the bowel is, however, proved 
by the £)llowing facts! Beadi found that the respir- 
atory qnotignt was raised by rectal feeds of dextrose— 
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ar^oie ^ga that they ware being utilized — and krtoalz 
has been abolished by this ptooedore. Nothing 
abolishes ketosis so rapidly aa. assimilation of oarhb- 
hydrates, just as nothing causes it to appear so quickly 
as deprivation of carbohydrates. 

Absorption of Fats . — No emulsion, however fine, is 
absorbed in the absence of splitting ferment. This 
ferment is normally supplied by the pancreatic Juices 
and in its absence we have to depend upon bacterial 
decomposition. It is a simple matter to provide the 
ferment by liquor pancreaticus, but even then absorp* 
tion may be very imperfect. In one of Edsall’s and 
MiUer's cases only 18*61 per cent, of the fat was ab< 
sorbed. The fat in the yolk of egg is considered to be 
better absorbed than other forms of fat, but, person* 
ally, I do not employ eggs in rectal feeding, for they 
add to the nursing difficulties, already sufficiently great. 
If any of the egg is returned, it is very offensive. 

In a patient with a fistula of the thoracic duct, 
Munk and Bosenstein only found 8*7 to 6*6 per cent, 
of the fat given per rectum could be recovered. I have 
carried out rather similar observations on a case of 
filarial chyluria under the care of Dr. Bamuel West. 
On an ordinary diet the urine was quite milky, and he 
was placed on a fat-free diet to relieve the pain and 
occasional hematuria caused by the passage of large 
fatty masses. The urine then became merely opal- 
escent, but even the addition of milk to bis tea caused 
an obvious increase in the fat in the urine. Aftte de- 
termining the amount of bodies soluble in bther and 
the saponification value of the urine on the fat-free 



BECTTAL FEEDING 79 

I 

jUet, he vas given an enema of 120 o.o. of olive-oil 
'and 80 o.q|> of a 2, per cent, solotion of NatCOa, vhidi 
had been p'aneceatiz^ for an hour. On another 
he wa8 given a pint of pancreatized milk per 
reohm. It happened that the saponification value 
and the ether-soluble bodies were actually lower in 
amount <m the days when these enemata were given. 
This indicates that no fot was absorbed from these ' 
enemata by the large bowel. 

Atoorption of Sait and Water . — ^It is agreed that salts 
and water are fredy absorbed from the large intestine, 
and the advantages claimed for rectal feeding are 
probably due to these ingredients. It is well known 
that the body can stand deprivation of food for a 
considerable time if these ate supplied. W. Pasteur 
advocated the administration of lO-ounce enemata of 
plain water at a temperature of 100" F. every four or 
six hours. He claimed that the results were at least 
as good as with the ordinary nutrient enemata, while 
it is far simpler and pleasanter for the patient. 
Sharkey has used } pint of saline four times in each 
twenty-four hours, and has been equally impressed 
with the advantages of this method. 

Hltcogenoos Metabolism during Rectal Feeding.— 
My own observations have been chiefly directed to 
comparing the nitrogenous metabolism in patients on 
rectal t»alin«a and nutrient enemata. The nutrient 
enema which I have usually employed is composed of— 
i of 20 grainB of bioariwnete at nda. 

ItogdzaobiDSof platmon.. 1 draohm of liquor pmaoetlom. 
Itogdiaohmsof doxtroM. 0 minioM of tinot 
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< The liqnor panoreatieos ia allowed to act for twenty 
minutes at 87” G., the opium being added just before 
administration, with the objpot of ineteasing the 
tolerance of the bowel. The bicarbonate of soda is 
added to imitate the normal alkalinity of the pan* 
cieatio juice (1 per cent.). This enema is given every 
four hours, the rectum being washed out every night 
and morning. The total foodstuffs thus given in the 
twenty-four hours amount to— 

Floteiiu ..70 grammes. 

Oarbohydiates 76 

Tata 27 

This is dearly much less than the miniTnnTn required 
to keep the body in nitrogenous equilibrium, even sup- 
posing it were all absorbed, which is far from being 
the case, while its caloric value is only 866. 

The larger enema — a pint of milk three times a day — 
has not yidded me very good results though recom- 
mended by some authorities, the patient usually failing 
to retain them after the first day or two. This would 
be equivalent to 68 grammes of each of the three food- 
stuffs, and its caloric value would be 1,188. I have no 
personal experience of the enema administered con- 
tinuously drop by drop, but I have heard from those 
who have that it caused the patients so much dis- 
comfort that th^ were forced to abandon it. The 
enemata were administered in my cases by a soft 
rubber caiheter attached to the barrd of a 4-oonoe 
glass syringe, the contents being allowed to flow in 
dowly by gravitation. 
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. When do nitrogenous food is taken there is a steady < 
taH of nitrogen the urine till the oatpnt reaches 
g.grammeis a liay, an^ even lower. One of the first 
effects of giving nitrogenous food will be a rise in the 
nitrogenons oatpnt in the arine, as the greater part 
of the area is ezogenoos— t.e., comes from Ae food. 
The nitrogenons oatpnt in the nrine will therefore be 
a more aooorate criterion of the absorption of nitrog- 
enoas material from the bowel than the loss of nitrogen 
from the rectal washings, becaase it is evidence of 
aotnal assimilation. When rectal salines are given» 
there is a steady fall of orinary nitrogen. Starting 
with 10 grammes to 11 grammes the first day, it falls to 
abont 5 grammes by the fifth day, and asnally remains 
at that point, thongh in some of my oases it fell as low 
as 8 grammes, or even 2 grammes, a day. Acetone 
asnally appears by the end of the first twenty*foar 
hoars, and diaoetio acid within the next twenty-four 
hoars. On comparing this with the cases where the 
standard was employed, hardly any difference 
was detected in the nitrogen oatpnt. There was a 
steady fall in the total nitrogen down to 6 grammes, 
and in one case as low as 4 grammes. The onset of 
ft Cfitonnrift was, however, delayed as a role, imd it was 
asnally less severe and of shorter duration. The 
great factor in the production of acetonnria is depriva- 
tion of carbohydrate, and as the enema contained both 
dextrose and lactose, the disappearance of acetonnria 
indicated that some of these were absorbed. In some 
eases acetonnria persisted tbronghont. 


6 
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In one experiment ealines vexe given till the nitrogen 
in the urine fell to 6 grammeB. The standard enemata 
^ere then given for two days, |>at the nitrogen output 
wv hardly affected at all. The same amount of food 
was given by the mouth, and the nitrogen output 
promptly rose. 

Praetioal Dednotlons* — ^I thmk these results go to 
riiow that, if any protein food is absorbed from ordinary 
nutrient enemata, the amount is so little as to make it 
hardly worth while to subject patients to so much 
discomfort for so small an advantage. A gain in weight 
has been claimed as evidence of their value, but this 
has been observed also on rectal salines. The addi- 
tion of 6 per cent, of dextrose to the salines is probably 
an advantage, as enough of it may be absorbed at any 
rate to check ketosis. 

When one begins to doubt the efficacy of rectal 
feeding, the inconvenience associated with it assume 
a greater degree of importance. As duadvantages 
must be mentioned — (1) The thirst, which should 
be relieved by giving a rectd saline as well; (2) the 
difficulty in keeping the patient in a deanly con- 
dition; (8) the secretion of gastric juice which it 
causes. The most conclusive evidence that this 
occurs is afforded by the observation of Umber, who 
found in a patient with a gastrostomy wound that the 
ihjection of food per rectum was followed hy the secre- 
tion of an acid gastric juice. It is hardly securing 
a condition of physiologic^ rest to allow this juice 
to be poured over an ulcerated surface without having 
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ai^ food on which to act. To nentraliie this juice 
I waa accnatomed to gif e the patient bismuth losenges 
to* suck. This serves l^th to neutralise the acid and 
to form a protective covering to the ulcer. At the sape 
time, by keeping the salivary glands active, it di- 
minishes the chance of (4) parotitis, which is due to 
an ascending infection of the salivary ducts. I apr 
quite sure that in this way it is much easier to keep the 
mouth dean. Inddentally, I should like to protest 
against the use of ^ycerine in a mouth-wash fdr this 
or, indeed, in any other condition. The desiccation 
which follows only aggravates the state of the mouth. 
Ice is also objectionable; though pleasant at the time, 
it aggravates thirst. Plain hot water, to which a little 
potassium permanganate has been added, is, in my 
opinion, much to be preferred. (6) Persistent vomit- 
ing is an occasional complication in rectal feeding. If 
this starts, it generally persists until mouth-feeding is 
resumed. Unfortunately, it is often regarded as a 
si gn that the stomach cannot tolerate anything, which 
is not the case. I believe it is due to the ketosis 
consequent on starvation. (6) The pronounced sub- 
nutrition mduced by rectal feeding is very unfavour- 
able to the healing of an ulcer in patients who are 
already in a poor physical condition consequent on 
one or more hasmorrhages, and may Idid to serious 
inanition. Sdf-digestion goes on more rapidly in 
fasting than in well-fed tissues, and this may lead to 
extension of the ulcer and recurrence of the hemor- 
rhage. tt js usdess to think of building up a patient 
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by this method to a condition of improved nutrition 
prior to operation, for, say, an impermeable OBSophageal 
or pyloric obstmction. I have only once tried thia 
at the request of a surgioal colleague, and I shall not 
repeat the attempt. 

It seemed to me possible that better results 
mig^t be obtained if, instead of merely peptoniaing 
proteins, they were completely broken down into 
amino-acids, the form in which absorption normally 
occurs. Some preliminary experiments did not afford 
me much encouragement. Bendle Short and By- 
waters, however, found that, by allowing pancreatic 
extract to act on milk for twenty-four hours, they 
could obtain decidedly more absorption. To each 
pint of milk they added an ounce of pure dextrose, and 
gave 6 ounces of this every four hours. I have used a 
Thermos flask as a convenient method of keeping up 
the pancreatic digestion for the required time. This 
plan is worthy of a trial in exceptional oases, and I 
have met with some success with it, but for the ordinary 
nutrient enema containing protein and fat there is, 
in my opinion, no place left to-day in therapeutics. 


Immediate Feeding In Oastrlo Ulcer. 

In 1901 Lenharta protested strongly against the 
orthodox treatment for gastric ulcer. He urged that 
in patients who are already in a poor physical con- 
dition consequent on one or more hemorrhages, and, 
indeed, often collapsed, the * starvation ‘'treatment’ 
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maintained their wretched ansmio etate^ and might 
ptodnoe a serious state of inanition, very anfavoarable 
to ‘the healing of an nicer. On the other hand, if 
enough milk were given by the month to mftintaiii the 
body-weight, it would overfill the stomach and stretch 
its walls, thus preventing contraction of the ulcer 
and tending to renewal of the bleeding. 

He maintained that the correct principles were — 

1. To promote healing by providing adequate 
nourishment. 

2. To prevent distension of the stomach by limiting 
the size of the meals and the amount of fluids; and by 
the application of ice to the epigastrium. 

8. To prevent the action of the excess of hydro- 
chloric acid by combining it with food albumen and 
with bismuth. 

These indications are best fulfilled, in his opinion, 
thus: Feeding by the month is started at once, con- 
centrated foods rich in albumen being employed. 
Food is given at hourly intervals from 7 a.m. to 9 p.m., 
but complete rest is allowed at night. The patient is 
fed a teaspoonfol at a time, and is not allowed to feed 
hersdf for a fortnight. She is kept in bed for a fort- 
night, and other medicinal measures, such as the ad- 
ministration of bismuth, can be employed as required. 

Essentially the diet consists of iced fresh milk and 
raw eggs, the whole egg being beaten up and iced. 
Both milk and egg are prepared in a covered glass 
tumbler surrounded by ice. The feeding-spoon is also 
kept iced. 'Granulated sugar is added to the eggs on 
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the third day; later, raw scraped beef, boiled rioe, and 
soaked rusk are also given. 

No attempt is made to provoke an action of the 
bowels during the first week at least, to avoid peri* 
stalsis, and allow absorption of outpoured blood in 
the intestines. Then, if necessary, a small glycerine 
enema or hot-water enema may be used. 

The advantages claimed for this treatment are that 
recovery is more rapid, and that it does not deplete 
the patient, the food-supply being sufficient throuc^- 
out. The sour regurgitation subsides, vomiting and 
bleeding stop more quickly, and relapse is less frequent, 
while pam ceases promptly, and morphia is never 
needed; it is possible to treat the anssmia earlier, and 
an increase in the body-wei{^t may be manifest as 
early as the first week. 

One important modification I have found advisable 
to make. Cases in which active ulceration is present 
usually do not tolerate the raw meat as early as the 
sixth day, and I do not think it wise to make them 
try and do so. Favloff showed that meat-extracts 
were active stimulants to the secretion of add in the 
gastric juice, and our object in these cases is to avoid 
hyperohlorhydria, while fixing such add as is present 
by combining it with protein. The nourishment in 
the 86 grammes of beef can be readily obtained in a 
lees stimulating form by adding 2 drachms of a milk 
protein, such as plasmon or protene, to the diet. 

Another minor modification of the original dietary 
in which I have followed Latnbert is the substitution 
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of cooked minced chicken for the raw ham, which, 
however suitable for German patients, is not grateful 
to Eng^h palates. I have a]|o given rectal salines, 
if required, to relieve thirst. Tho modified Lenharts 
dietary given on p. 87 is the one now used as a 
routine at St. Bartholomew’s Hospital and has the 
advantages of less frequent feeding and avoiding 
the large number of egp given in the original 
scheme. 

Lenharts found that in the 100 oases treated before 
he introduced this method, recurrence took place in 
20 per cent., but after introducing this treatment 
recurrence occurred in only 8 per cent. The method 
has been taken up on the Continent to a considerable 
extent and also in America, but up to a few years ago 
it had made very little headway in England. There 
was considerable prejudice against it at firsts but 
it is now rapidly becoming the orthodox method. 
I have used it since the beginning of 1908 and will give 
the results in my first thirty hospital oases. There h^ 
been recent hemorrhage in seventeen out of the thirty 
cases. In one case it is probable that the hemorrhage 
was from cirrhosis of the liver, but I could not be 
certain as to the source, and I have included it. The 
treatment was quite satisfactory in twenty>two oases. 
The result was unsatisfactory in four, and there was 
recurrence of the hemorrhage in four others. In one 
there was recurrence subsequently with nutrients, just 
as with Lenharta treatment. In another the recurrence 
was very sliest, amounting to>the regurgitation of a 
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drwdim of blood. In a third case, with a hietoiy of 
sixteen years, reoorrence had previoosly taken place 
on nutrients. Gastro*j|janostomy was performed, and 
the hemorrhage recurred a few months after the per- 
formance of that operation. Finally, an ulcer sur- 
rounded by dense adhesions to the liver had to be 
excised, and the patient made a good recovery. In 
another case recurrence took place, and gastro-Jejuno- 
tomy had to be performed for a chronic ulcer. Un- 
fortunately, the patient died of peritonitis, the 
result of operation. As to the four which I have 
classified as unsatisfactory, apart from recurrent 
hemorrhage, one discharged himself on the fourth day 
— a thing which is common enou£^ in patients treated 
by nutrients. In one case there was mucous colitis 
also. With this complication the treatment of the 
gastric condition, which I believe to be secondary, is 
often of no avail. Another case was that of a neurotic 
alcoholic lady, on whom I tried it simply because no 
other treatment of her gastric pain had done any good. 
In the fourth case, although there was great temporary 
relief, the X rays showed an hour-glass stomach, for 
which operation had to be performed. Here, too, 
there were dense adhesions, and a gastric fistula formed, 
with fatal results. Clearly the fatalities had nothing 
to do with the Lenharts treatment; they were both in 
oases of long standing, and would not have been 
avoided by rectal feeding. 

I have been favourably impressed by the method, 
and I am supported by tny house-physidans and the 
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suten in charge of the oBees, who would much rather 
have to deal with a ease treated on this plan than on 
the other, avoiding, as it does, ttie misery of starvatioin 
and all the disoomforts of rectal feeding. The method 
is peculiarly soitable for the conditioas of private 
practice. Nutrient enemata require time and skill 
in their preparation. We oaimot expect them to he 
given properly except by a trained nurse, whose services 
oaimot always be afforded. But in this method we 
have a simple, safe, and effective treatment, which is 
free from any disagreeable features. 

The use of horse-serum has been advocated by 
Hort and others for gastric or duodenal ulcer. One 
of the many functions of serum is the restraint it 
exerts on the autolytio action of the tissue cells. As 
autolysis goes on more rapidly in fasting than in well- 
fed tissues, there is a rational basis for the use of horse- 
serum in a disease for which most methods of treatment 
entail more or less starvation. The antipoptic action 
of serum depends chiefly on the serum-albumen it 
contains, and Hort has prepared a serum in which 
this constituent is specially increased in amount. It 
can be given in daily doses of 80 to 40 c.c., but it must 
be fresh and sterile, and should be given directly after 
food, when absorption is at its hei^t. I have not 
been greatly impressed by the results, and when 
starvation methods are not used serum is less often 
called for. 

The later results of gastric ulcer are chiefly due to the 
mechanical difficulties produced by scar tissue, such as 
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pyloric obBtrootioii and honr-glasB stomadi. Th^ 
may, therefore, be more conveniently considered in the 
next chapter. 

AFPENDDC TO OHAFTEB IL 
Bmnination ol the Gastric Contenti. 

That doubts are so often thrown on the value ol a 
dhemioal examination of the gastric contents is due 
in many oases to the fact that defective methods have 
been employed. It is. not sufficient to test qualita- 
tively for free hydrochloric acid, and then take the 
total acidity as a measure of the physiologically active 
bydrodhlorio acid, thouc^ even this g^ves important 
information. 

The test-meal I employ is f pint of tea without milk 
or sugar and a round of dry toast, which is quite satis- 
factory as an excitant of gastric secretion. The con- 
tents of the stomach are withdrawn one hour later. 
For this I always employ Senoran’s bottle, which is 
simple and efficient, and overcomes any difficulty in 
starting the syphonage. The patient should be sitting 
up, with the head rather forward. The natural ten- 
dency is to throw the head back, but there is less 
difficulty if the head is tilted forwards. The tube is 
lubricated by being simply dipped Into hot water and 
passed as quickly as possible, the patient being directed 
to swallow it, while the first finger of the left hand is 
used as a guide. The distance from the teeth to the 
stomach *is g*nftTA,11y lti| inches, which is just under 
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40 cenlimetreB. The tube is passed till the 46-cenii' 
metie mark on it is leret with the teeth. With the 
tube in position squeeze the bplb, and then, beford 
releasing, put the thumb or finger over the little 
hole in the side of the bottle-neck. There is then an 
efficient suction action in the tube, and the contents 
of the stomach are speedily extracted into the bottle. 
If you do not withdraw enough, repeat the squeeze^ 
taking care to remove the thumb until yon let go of 
the bulb, or else air will be driven into the stomach, 
which is uncomfortable. The bottle is provided with 
a rubber band to close the hole, and a rubber stopper 
to make it pwtable. 

The contents of the bottle are filtered and some of 
the residue examined microscopically. If starch diges* 
tion is very incomplete, it points to excess of acid, 
which stops the ptyalin of the saliva too soon. If 
the contents are frothy, it suggests carcinoma. The 
presence of the long, non-motile Oppler-Boas bacillus 
is said to be specially diagnostic of gastric carcinoma. 
Really it means there is no free hydrochloric acid, 
which is commonest in carcinoma. It is a lactic-acid- 
producing organism, and, according to some, it is the 
Bane as the Bulgarian bacillus, of soured-milk fame. 
The presence of sarcine is believed to be a sign of 
dilatation of the stomach. No importance should be 
attached to the presence of yeast, which merely comes 
from the bread. 

Gunzberg’s is the most reliable qualitative test for 
detecting free hydrochloric acid. ‘ The best* way of 
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applying the test is to keep the phloiogluoin and 
vanillin in bottles to the eorks of which are attached 
little scoops which wi]} measure about 4 grains of the 
former and 2 grains of the latter. These quantities 
are placed in a dry porcelain evaporating-dish with 
1 0 . 0 . of alcohol (pure methylated spirit does quite well), 
and then about 2 o.o. of the filtered gastric contents 
are added. The dish is heated on the water-bath till 
its contents are nearly dry. A briUiant soarlet-red 
colour indicates free HCl; a yellow colour is negative ' 
(Willcoz). 

Total acidity is determined by titration with a deci- 
notmal alkali, using phenolphtbalein as an indicator. 

The amount of physiologically active hydrochloric 
a/oid is the most important point, and this can best be 
determined by Willcox’s method. The principle of it 
is as follows: In the gastric contents bydrochlorio 
acid may exist in three forms — 

1. Free HCl ' 

2. Combined HCl: Physiologically 

(a) With proteins and nitro- active, 
genous organic bases . . 

(b) With inorganic bases, as sodium chloride. 

The presence of free HCl is not of more importance 
than that of the combined acid. The latter, which is 
combined with protein and nitrogenous organic bases, 
is add that was free a short time before, but has now 
begun itsjduties in the process of digestion; it is, there* 
foia^ of equal importance with free HCl. 
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Now, if we estimate the total ehlorides in a sample 
of gastric juice, and in another estimate the chlorides 
present after charring— tl^ inorganic chlorides^' 
the difference between these two results gives the 
amount of physiologioally active HCl. 

The eitimation it oarried oat at follows, bat I am aoooatomed 
to oae hidf the qoantitieB given here; *Two eqoal volamea of 
the filtered gaatrio oontenta (20 0 . 0 .) are taken. 

* (a) One portion ia dilated witii about 40 0 . 0 . of diatilledwater, 
10 0 . 0 . pore nitric add added, and about 5 0 . 0 . of aolution of iron 
alnm. A meaanred exoeaa (30 0 . 0 .) of dednormal silver nitrate 
aolntion is added. Deoinormal ammoninm snlphooyanide sola- 
tion is ran in from a bnrette nntO a permanent reddish-brown 
tint lost results. The difference between the quantity of silver 
nitrate aolution added and the ammoninm salphoqranide solution 
used gives the amount of total chlorides present as deoinormal 
hydrochloric add. 

‘ (h) The other portion of the gastric contents (20 0 . 0 .) is placed 
in a platinum evaporating-basin, and evaporated to dryness on 
a water-bath; the solid residue is heated for about an hour on 
the water-bath, and the dish is then placed on a piece of wire 
ganse and heated with a small Bunsen fiame, the fiame not 
coming into actual contact with the basin. The heating is 
continued for about ten minutes until the reddne is wdl chatied- 
The dish ia cooled, about 60 o.a d water and the pure nitric 
acid are added, the contents being wdl stirred with a glass rod. 
The titration ia performed exactly as in (a), and the quantity of 
chlorides present is given in terms of deoinormai hydrochlotio 
add. The difference between the chlorides present in (a) 
and (b) expresses with great accuracy the amount of the physio- 
logic^y active HGl.’ 

[For a fuller account of methods, see Willcox, Traosaotions of 
the Pathological Sodety, voL Ivi., p. 260; and HaritV ■n*! 
Goodbody, 'Chemical Investigation of Gastric and Intestinal 
Diseases' (Arnold).] 
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. The foQowing figures fllustrate the results obtained 
in some typical oases: 
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CHAPTER m 

MEOHANIOAL FACTORS IN DIGESTION AND 
INDIGESTION 

It should hardly be necessary to insist on the cardinal 
importance of the teeth in the due performance of 
mastication, without which the food cannot be in- 
salivated. It may appear paradoxical to assert that 
the inevitable tendency to swallow soft carbohydrates 
is a more serious consequence of defective teeth than 
the bolting of meat. Yet I believe this to be the case, 
for, as explained already, carbohydrates are not then 
digested in the stomach, where they are apt to ferment 
and produce flatulence. 

Deglutition. — ^The act of swallowing consists of three 
stages, the first of which is voluntary, the food bolus 
being thrust between the pillars of the fauces by the 
tongue. After this all voluntary control over the move- 
ments of the alimentary canal is lost until the rectum 
is reached. The contact of the food against a specially 
sensitive spot on the back wall of the phaiynx starts the 
subsequent stages. We have only to swallow several 
times in rapid succession until no more saliva is present 
in the mouth to realize how impossible the act becomes 
in the absence of a peripheral stimulus. The second 
96 
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stage is a rapid reflex, rapidity being neoessary, as the 
pharynx is oommon both to respiration and alimenta* 
tion. The upper andllower parts of the respiratory 
tract are shut off by the elevation of the soft palate, 
by polling up of the larynx under shelter of the epiglot- 
tis, and the approximation of the vocal cords. The 
importance of these protective movements is seen in 
the regurgitation of fluids through the nose when the 
soft palate is paralyzed by diphtheritic neuritis, and 
in the dysphagia which results from the destructive 
tuberculous ulceration of the epiglottis. 

^ The constrictors of the pharynx arc now drawn over 

I the food bolus, which is thus forced into the cssoph- 
agus. Here the third stage of deglutition begins, a 
slow peristalsis which depends on the vagus as far as 
the striped muscle is concerned, and on local nervous 
mechanisms for the plain muscle. In the swallowing 
of liquids, however, there is no need for peristaltic 
waves, the oesophagus remaining dilated and passive. 
During swallowing a pressure develops in the closed 
mouth equal to 20 centimetres of water, while immedi- 
ately afterwards the stomach relaxes, the intragastrio 
pressure falling almost to zero, which is sufScient to 
direct the stream of fluid into the stomach. Hence, 
when corrosive adds have been swallowed, the lesions 
are produ^ in a patchy manner, which would not 
occur if the fluid were forced down by a peristaltic 
wave. The passage of fluid down to the stomach 
takes four to eight seconds, half of which time is 
occupied «n passing Ufrough the cardiac sphincter. 
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Solids require the aid of peristaleis, and take eight to 
eighteen Beoonds if well lubricated, but a dry bolus 
may remain above the oarUia for many minutes 
(Hurst). The peristaltio wave can act against the 
force of gravity, for swallowing can be accomplished 
in the inverted position, though more slowly. 

The different conditions obtaining in the swallowing 
of liquids and solids explain some of the symptoms in 
malignant stricture of the oesophagus. At the necropsy 
it may appear as if there could have been no diihculty 
in swallowing food or in the passage of a bougie, but, 
of course, much of the obstruction is due to spasm. 
It is common for the dysphagia to begin suddenly 
during a hearty meal. A spasm has been evoked and 
will recur on each attempt at deglutition. I have seen 
the same thing occur in congenital oesophageal stric- 
ture. As the act of swallowing liquids excites no spasm, 
but rather an inhibition of peristalsis, it is easily per- 
formed long after all solids are unable to pass. It is 
important to note that a spasm may result from a 
growth lower down the oesophagus or at the cardiac 
orifice, which, like the gastric spasm to be referred to 
later, is presumably protective in nature. 

Just as acid in the duodenum keeps the pyloric 
sphincter closed, so acid in the stomach keeps the 
cardiac sphincter dosed. This is a great advantage, 
for the gastric contents are nauseating in odour and 
highly disagreeable to the taste. But when the intra- 
gastrio pressure rises above 26 centimetres of water 
eructation or regurgitation “occurs, to be followed 
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promptly by oesophageal peristalsis forcing back any 
food into the stomach again. In oesophagismns, there 
is b failure on the part dE the cardiac sphincter to relax 
rather than an active spasm (Hurst). It may depend 
' on some irritable focus further down the alimentary 
tract. The accentuation of the symptoms by acid 
dyspepsia is similarly explained os an exaggeration of 
the ordinary effect of acid in keeping the cardiac 
sphincter closed. Conversely, Kast has suggested that 
the disagreeable taste in the mouth and the furred 
tongue of gastric disturbances is duo to the adhesion to 
its rough surface of partly digested pieces of food, 

‘ leucocytes, and epithelial cells, which have come back 
from the stomach. Such symptoms are commonest 
in the fermentative dyspepsia associated with deficiency 
of HGl, which is precisely the condition for a relaxed 
cardia. The triangular distribution of fur on the back 
of the tongue is characteristic of this. 

The Stomach. 

> The movements of the normal stomach have been 
described in the previous chapter. 

Spasmodic Hoor-Olass Contraction. — This condition 
is liable to be mistaken for an organic hour-glass con- 
traction. Jellasse, in 1906, suggested, and it is gener- 
ally agreed, that a spasmodic ring of constriction is most 
usually due to the presence of an ulcer, which is gener- 
ally situated on the lesser curvature, and may be quite 
awiftll- Bu^t may occuf in other conditions. Thus, 
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I had a case associated with old appendicitis, in which 
the spasm could be seen gradually to relax under 
anesthesia. I believe that the symptoms in so-called 
* appendix dyspepsia ’ are in part, at any rate, due to 
such reflex spasm. The spasm can sometimes be 
made to disappear by abdominal massage, by vigorous 
voluntary contractions of the abdominal muscles, and 
less frequently by the injection of grain of atropine. 
The contracted area varies in degree ; there is no sagging 
or peristaltic wave in the proximal half of the stomach. 
These three points serve to distinguish spasmodic from 
organic constriction. It must be remembered, how- 
ever, that a partied organic hour-glass constriction 
due to an ulcer which is still active may be rendered 
complete by the supervention of spasm, so that 
stenosis, thought to be severe from the X-ray examina- 
tion, may be found to be comparatively slight at the 
operation. 

Hurst describes two other conditions as 'func- 


tional ' hour-glass stomach. One is due to the com- 
bination of severe atony with gastroptosis, in which 
the passage between the more fixed fundus and the 
dependant part of the stomach becomes much narrowed 
by the dropping of the latter. But this appearance 
completely vanishes in the recumbent posture, and he 
therefore terms it ' orth(»tatio.* To the other form, 
the term ‘ functional ’ is hardly applicable. It is due 
to an ulcer on the lesser curvature which has become 
adherent to the left lobe of the liver. When the 
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patient stands up, the rest of the stomach tends to 
assume a vertioal position, but the adherent part 
being fixed, a line of fusion is produced diagonally 
across the stomach, dividing it mto two parts. But 
here, again, the constriction disappears on lying down. 
Incidentally I may say that this form is resistent to 
medical treatment, and offers considerable difficulties 
to surgery. Strictly speaking, it should be classed 
among the perigastric adhesions. 

True Hour-Glass Stomach.— Extended use of X rays 
has shown that this condition is a commoner sequel of 
gastric ulcer than was supposed. Apart from the 
characteristic skiagram, the chief signs are those 
described by Moynihan. When the stomach is washed 
out, part of the fluid is lost, and conversely there may 
be a sudden reappearance of stomach contents after 
lavage. When the stomach has apparently been 
emptied, a succussion splash may still be dicited by 
palpation of the pyloric portion. If the stomach is 
distended by carbon dioxide, gurgling or bubbling 
sounds may be heard at a point distinct from the 
pylorus, and after this distension two swellings with 
a notch between can sometimes be made out. Only 
operative treatment can be effective. 

Ferigastrio adhesions are now well recognized as a 
mechanical cause of indigestion. There is generally 
a previous history of gastric ulcer or biliary colic; 
the pain is much influenced by the position of the 
patient and little by diet; and local tenderness is 
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common, while vomiting is rare (E. P. Paton). To 
this we may add that the X rays show the stomach 
to be held up somewhere, so Wt the normal alter* 
ations in its position on change of posture or on 
vigorous contractions of the abdominal wall do not 
occur. 

A woman of thirty-eight was admitted under my 
care for abdominal pain, situated just below the 
costal arch, and a little to the left of the middle line. 
In the eight years previous she had had several attacks 
of severe pain after food, accompanied by vomiting. 
For the past few weeks she had suffered from what she 
described as a ' different pain,’ which was ’ dragging ’ 
in character, localized, and not related to food, but 
coming on as soon as she adopted the erect position. 
A test-meal showed a total acidity of 0*29 per cent., 
with presence of free hydrochloric add. No organisms 
were found. A skiagram showed that there was no 
dilatation of the stomach, but that the organ was 
held up uuusually high. 

Now, although a succession of gastric ulcers may 
occur in a young woman, an ei^t years’ history of 
gastric pain and vomiting in a woman of thirty-eight 
suggests one chronic ulcer that will not heal. But that 
active ulceration was still present seemed unlikely in 
the absence of (1) vomiting; (2) any relationship of 
the pain to food; (8) marked hyperohlorhydria. It 
appeared more probable that the symptoms were due 
to the result of old ulceration in the form of an adhesion 
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which became dragged apon in the erect posture. Such 
an adhesion could hardly be in the neighbourhood of 
the pylorus, for it h^ led to no dilatation of the 
stomach. The position of the pain further indicated 
the fundus as its site. 

Sir C. Gordon Watson operated and found adhesions 
surrounding an old ulcer, the floor of which was formed 
by the anterior abdominal wall. The patient made a 
good recovery. I have also seen a perigastric adhesion 
involving the transverse colon, which yielded an un- 
mistakable skiagram. 

Dflated Stomach.— There are important differences be- 
tween the atonic and the obstructive form of dilatation: 

1. Atonic Dilatation . — There is sometimes a long 
history of chronic gastritis; or of a disease like typhoid 
fever which leads to muscular enfeebloment. But 
the most frequent cause is an emotional one which loads 
to sympathetic irritation. This would check gastric 
peristalsis and cause pyloric spasm. To such cases 
the term ‘atonic’ is not really appropriate. I have 
met with instances in which both father and son 
suffered from it. One of the most characteristic 
symptoms, which can generally be elicited on inquiry, 
is that the patient feels full up as soon as he starts 
eating. Hurst points out that both the atonic stomach 
and the contracted stomach give rise to this sensation. 
The contracted stomach feels full up because it cannot 
expand. The atonic stomach feels full up because it 
is already dilated, and the normal relaxation of the 
stomach UL 11' hUs, which avoids a rise of intragastric 
pressure, carrot take place. As soon as food is taken 
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into this relaxed stomach the pressure bogins to ripe 
and the patient feels full. After taking food there is a 
general sense of misery and (^comfort rather than 
actual pain. The patient frequently complains of a 
disagreeable taste in the mouth, and there is often a 
brown fur on the back of the tongue, probably due to 
regurgitation of the contents of the stomach through 
a relaxed sphincter. There is seldom vomiting. 
Pyorrhoea is very common. On inspection of the 
abdomen there may be some dropping of the stomach, 
a hollowing out under the costal margin, and a fulness 
below and to the left of the umbilicus. 

A succussion splash which is elicited only on deep 
palpation is only significant at a time when the stomach 
should be empty. A superficial splash has some sig- 
nificance. It is suggestive of atony, but it is some- 
times distinguished with difficulty from the splash 
obtained in the colon. And neurasthenics and hypo- 
chondriacs have an extraordinary power of producing 
splashing by vigorous contraction of the abdominal 
walls. The two halves of a seidlits powder, dissolved 
separately in water and swallowed, produce a distended 
resonant area distinctly lower than it should be. The 
test-meal may show diminished hydrochloric acid, in 
the oases following gastritis, but not in the nervous 
type, where in my experience hyperchlorhydria is 
commoner. An atonioally dilated stomach gives, on 
X-ray examination after bismuth, a shadow reaching 
some distance below the umbilicus, with a broad 
meniscus at the bottom and a fiat upper surface. Peri- 
staltic waves are feeble or absent. Gastrojejunostomy 
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will not be of any service, though if there is so much 
dropping that there is actual kinking of the pylorus, 
which really adds an ol^tructive feature to the atonic 
case, an appropriate abdominal support, such as 
Curtis’, may be decidedly helpful. 

We must distinguish between dilatation and gastro- 
ptosis, which is usually part of a general enteroptosis. 
In the latter the stomach is increased in the vertical 
diameter, whereas in the dilated stomach it is increased 
in the horizontal diameter. 

Treatment . — ^Acute dilatation is a dangerous con- 
dition of toxic origin, in which treatment appears to 
be of little avail. Chronic dilatation may exist un- 
suspected in an alcoholic subject. In the ordinary 
dyspeptic type there has usually been a long-continued 
mucous gastritis. Treatment is hkely to be ineffective 
in this type if lavage be not performed at the outset; 
otherwise our remedies are apt to be lost in the ferment- 
ing slimy mass that is already there. Sodium bi- 
carbonate should be added to the water because of the 
solvent action of alkalies on mucus. The last part of 
the fluid employed may have an antiseptic added, such 
as a 2 volumes per cent, of hydrogen peroxide or a weak 
solution of potassium permanganate. The best diet 
is one that will not ferment easily. For this reason 
starchy foods are contra-indicated; they should 
certainly never be given in the form of pap, as is so 
often done. Dry toast, biscuit, or rusk, are preferable, 
becadse in the act of mastication some of the starch 
will becomft^nverted into malt-sugar; but any form 
of starch show be reduced to a minimum. 
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As Sir Clifford Allbntt says, ' There is no super- 
stition more tenacious of life than that which pre- 
scribes carbohydrates to all d^peptics as '* so diges- 
tible,” and into weak stomachs, ready to dilate, is 
thrown a mass of such a dish as rice-pudding— a 
bulky food, imperfectly salivated and peculiarly apt 
to decompose with the disengagement of volumes of 
carbonic acid gas.’ 

In bad cases 1 have restricted the diet, at first, to 
meat-juices and meat-extracts (because of their stimu- 
lating effect on the secretion of hydrochloric acid), 
and to lightly cooked minced meat, which does not 
ferment, and leaves but little residue. From the 
rapidity with which egg-albumen leaves the stomach 
it might be imagined that eggs would be a suitable 
diet in this condition; but patients generally protest 
that they cannot digest them. Some cases have im- 
proved on a Lenhartz diet. After food, hydrochloric 
acid or oxyntin (acidol) should be given, combined 
with arsenic and strychnine, which seem to have a tonic 
effect on the gastric musculature. In the nervous type, 
alkalies with bromide will do more good than acids, 
while the emotional cause will require investigation. 

Abdominal massage is useful, os it increases peri- 
stalsis in the stomach. Best after meals should be 
enjoined, since exercise immediately after can be shown 
to delay the discharge of food from the stomach. 

2. Obstructioe Dilatation.— The characteristic symp- 
toms are vomiting of large amounts and steadily in- 
creasing discomfort betweev the attach^- After the 
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gtomaoh has been emptied by a large vomit, the 
is comparatively comfortable for hoars or even days, 
abd then discomfort M)eginB and increases until it 
culminates in vomiting again. A point of practical 
importance which I have found is that the vomit is 
highly acid, if the obstruction is not of a malignant 
nature. Ordinarily, though the secretion of gastric 
juice may be normal or even slightly hyperacid, the 
vomit will not show free hydrochloric acid because the 
conditions which excite vomiting are almost certain 
to have previously inhibited gastric secretion. But 
when there is obstruction to the pylorus the vomiting 
occurs from quite a different reason. Secretion has 
been taking place as usual, but onward progress and 
consequent neutralization are delayed so that the 
vomited contents will be highly acid. A young lady, 
who had had symptoms of gastric ulcer on two occa- 
sions some years before, suffered from paroxysms of 
vomiting. Between the attacks she seemed quite 
well. The vomit had an acidity equal to 0-292 per 
cent. HCl, which is distinctly higher than that shown 
by the ordinary test-meal removed with the tube. So 
that I felt sure that, whatever else there was, she had 
obstruction to the pylorus, which X-ray examination, 
and finally operation, showed to be the case. When 
there is obstructive dilatation, X rays show vigorous 
peristaltic waves in the stomach, but no onward pro- 
gress of the bismuth into the duodenum. 

Here the operation of gastio-enterostomy is defi- 
nitely indicted. 
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Oastro-Enteroitoiiiiy.— -Licreased knowledge of the 
gastric movements has shown clearly the limitations 
of this operation. It does noi^ ‘ drain ' the stomach. 
In quadrupeds and in man lying on his left side the 
pylorus is the highest point, and yet the stomach 
empties itself. Even when the body is upright and 
the gastro-enterostomized stomach is filled with water, 
the water does not run out, because the hydrostatic 
relations in the abdomen counteract the effect of 
gravity. Material does not move along the alimentary 
canal unless the pressure is greater on one sidO than 
on the other, and for this muscular contraction is 
necessary. Eelling performed gastro-enterostomy on 
dogs by all known methods. At the same time he made 
a duodenal fistula, which enabled him to observe that 
nothing escaped by the new opening or ostium. Even 
when the pylorus was partly occluded, the food passed 
through it rather than through an opening remote 
from the greatest pressure. Berg operated on two 
oases of duodenal fistula, and had a similar experience. 
In both gastro-enterostomy was done, but the discharge 
of chyme through the fistula ceased only in one in 
which he tied the pylorus as well. We are not justified 
in assuming that the region between the new opening 
and the pylorus is placed completely at rest. The full 
benefit of the operation is therefore obtained only in 
cases of definite obstruction to the pylorus. There is 
no doubt, however, that chronic ulceration with re- 
current hemorrhage has been benefited by it even 
when there was no pyloric Obstruction. ..To under- 
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stand this, we must bear in mind the effcot of the 
hyperohlorhydiia associated with gastric and daodenal 
nicer. Bolton has picked experimentdly that hyper- 
acidity facilitates the production and prevents the 
healing of a gastric ulcer. One of the actions of the 
acid when it enters the duodenum is to cause closure 
of the pyloric sphincter, which lasts until the pancreatic 
juice has neutralized it. Excessive acidity provokes 
excessive contraction, thus increasing the pain. 
Further, by keeping the chyme in contact with the 
pyloric glands the continued secretion of acid is stimu- 
lated. Thus, the excessive acidity causes pyloric 
spasm, while the spasm leads to increased acidity. 
The most intense pyloric spasm 1 have ever seen has 
been in fatal cases of hydrochloric acid poiso ning . 
This spasm is responsible for the invariable occurrence 
of ulceration and ultimate stenosis in the neighbour- 
hood of the pylorus in patients who survive long 

enough- 

After gastro-enterostomy hyperchlorhydria usually 
passes off, though 1^ exceptional cases a jejunal ulcer 
may follow, showing that the acidity has persisted. 
The diminution in acidity results from: (1) Begurgita- 
tion of alkaline bile and pancreatic juice into the 
stomach throu^ the new orifice, which is not pro- 
vided with a sphincter. (2) Absence of the chemical 
stimulant to gastric secretion, since the food is not 
kept in contact with the pyloric glands. That the 
secretion is diminished and not merely neutralized is 
shown b^the reduction* of the total chlorides in the 
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gastric Juice. Betention of food in the stomach with 
repeated vomiting, the so-called ‘ vicious circle,’ is an 
occasional bad result of the Operation. This is not 
due to the repeated entrance of the food from the 
duodenum into the stomach, but to an obstructive 
kmk or other demonstrable obstacle. Although, 
according to Gannon, sharp turns in the intestine are 
normally straightened without difficulty by the 
material driven on by peristalsis, this force is not at 
hand to straighten a kink immediately beyond the 
ostium. For the division of the circular muscular 
fibres at the operation has abolished the peristaltic 
wave there. The rational procedure is therefore to 
attach a narrow band of the distal gut continuously 
to the stomach wall for an inch or so beyond the ostium. 
The gut is then kept straight throughout a distance 
which permits peristalsis to become an effective force. 
When food passes into the proximal loop, as it often 
does, a peristaltic wave starts which drives it back 
again into the stomach, for as the circular muscular 
coat of the gut is not complete at this point, it is not 
driven into the distal gut. This must, at any rate, 
mix some of the food thoroughly with the digestive 
secretions poured into the duodenum. Distension of 
the stomach will also interfere with the proper action 
of the ostium by flattening out the gut wall until the 
entrance into the lumen of the intestine is changed 
into nanow slits. 

Another unfavourable result may be too rapid 
drainage of the stomach as shown by Hurst..! The chief 
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symptom complained of is a feeling of fulness slightly 
lower down than the site of the discomfort before the 
operation. The distenaon of the jejunum is probably 
responsible. The patient has generally found that a 
dose of castor-oil shortens the duration of this dis- 
comfort, because it hastens the onward progress of the 
contents of the distended jejunum. Hurst advises the 
recumbent posture after meals in these oases to delay 
the emptying of the stomach. If this is not sufficient, 
small doses of belladonna to relax the muscle-fibres 
of the intestine, and of codeine to diminish the ex- 
citability of the sympathetic nervous system, should bo 
given half an hour before meals. I have found an 
abdominal support often helps to prevent this jejunal 
distension. Another exceptional cause of continued 
trouble after gastro-enteroatomy is that the opening 
may have been made above the upper level of the 
gastric contents. This can be overcome by an abdom- 
inal support, and by the recumbent posture on the 
left side after meals. 

The possibility of these various untoward conse- 
quences renders the operation far from an ideal one, 
but if the principles laid down here are followed, great 
benefits may be obtained in suitable cases. 

^Vy n giHittai Hypertrophic Stenosis of the Pploros.— 
This cause of vomiting and marasmus in infants 
presents some interesting problems. The diagnosis 
rests upon the combination of vomiting, constipation, 
and wasting with visible peristalsis of the stomach 
and a palpable pylorus. That the condition may 
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really be congenital is proved by its having been found 
in a seven months foetus, but the vomiting usually 
begins about the fourth week,^ and not later than the 
ninth week, after birth. It is generally sudden, copious, 
and forcible, so that a quantity representing more than 
one feed may he shot out a foot or more from the mouth, 
and perhaps through the nostrils also. With increasing 
dilatation the vomiting becomes less frequent, while 
the amount becomes greater. For the two character- 
istic signs of visible peristalsis and palpable pylorus. 
Still lays great emphasis on the importance of examining 
the abdomen immediately after feeding. It is 
then, and sometimes only then, that the abnormal 
peristalsis can be seen, and that the thickened pylorus 
can he felt. It may be necessary to examine for ten 
to fifteen minutes before the signs can be elicited. 
Sometimes the waves appear spontaneously, at other 
times only after repeated stroking or gentle kneading 
of the epigastrium. Post mortem the stomach is found 
greatly dilated, and the pylorus is much thickened for 
about I inch, yet a probe can usually be passed through 
it readily. Microscopically, the only change found is 
hypertrophy of the muscular tissue. 

The pathology of the condition is a vexed question. 
Congenital stenosis appears to be a misnomer, since 
the hyperplasia may occur after birth, and there is no 
true narrowing of the lumen. Pyloric spasm leading to 
muscular hypertrophy seems to be the sequence of 
events. But what causes the spasm ? John Thomson 
suggests that it is due to ftn inco-ordination of the 
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moBdeii of the Btomaoh, the central nervous system 
having not yet acquired proper control. It would 
thus be comparable to the stuttering of a child who is 
learning to talk. Edkins has made the interesting 
suggestion that this spasm, like many others, is pro- 
tective. If there were pancreatic inadequacy, the 
acid, passing into the duodenum, would not evoke 
secretion from the gland, and would not be neutralized. 
The pyloric sphincter would, therefore, be kept firmly 
contracted. In this way food is prevented from ente^ 
ing a region where it could not be properly digested. 
In support of this hypothesis it may be pointed out 
that in young infants pancreatic inadequacy is the 
rule, so far as the starch-splitting ferment is concerned, 
and an extension of this inadequacy to the other 
constituents of the juice is a plausible conjecture. 

Treatment— Vfith the improvement in surgical 
technique there can be no doubt that as soon as the 
diagnosis is made Ramsted’s operation should be 
performed. The stomach should be washed out 
through a No. 16 catheter first to remove curds and 
other food residues. The injection of a solution of 
glucose per Tectum^ or into the loose tissues of the 
axillffi, diminishes the risk of acidaemia, and keeping 
the infant very warm during and after operation 
lessens shock. A combination of local with general 
anffisthesia appears to be favoured by surgeons. Both 
speed and gentleness are essential. The operation 
simply consists in a clean cut through the peritoneal 

and muscular Qoats along the white non-vascular line 

8 
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on the pylorus, allo^g the mucous membrane, to 
herniate through the muscles. There is an unexplained 
liability to hyperpyrexia after Operation, which maybe 
due to the excessive zeal in trying to prevent shock. 
The troublesome and even dangerous diarrhoea which 
may follow operation is probably due to its having been 
delayed until the intestine has become atrophic, or to 
the bulk of the feeds having been increased too quickly. 
For it is essential that food should be given frequently 
in quite small amounts, beginning with not more than 
a teaspoonful at a time, while it is probably wise not 
to give any milk in the feeds for thirty-six hours. 

Whey and raw-meat juice are apparently the best 
foods to start with. 

If for any reason operation is decided against or 
declined, systematic lavage should be resorted, to. 
Still formerly advised that the stomach should be 
washed out just before a feed twice daily for several 
weeks, and thence once daily for several weeks 
longer, with a solution of sodium bicarbonate (2 grains 
to the ounce) through a Jacques’ soft catheter. 
This must be continued until not only the vomiting 
has stopped, but till the weight is steadily increas- 
ing. 

It must be emphasized, however, that the attitude 
of physicians on this subject has altered greatly of 
recent years, and that surgical interference is now 
regarded as the right procedure, which, indeed, has 
been strongly advocated by Gautley for a good many 
years. 
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The Intestlnei. 

Diidharge ol Food hito Ihe Dnodemim.— A b hae 
already been pointed ont,' the pyloric sphincter is 
controlled by the secretion of HCl. Thus the food is 
held in the stomach until provision is made for the 
continnance of gastric secretion, until the gastric Juice 
has had time to act, and until the food can cany with 
it the acid needed for processes in the duodenum. But 
as water excites no gastric secretion, it begins to leave 
the stomach almost as soon as it enters. This quick 
exit before it is acidified doubtless explains the readi- 
ness with which it conveys infection, the acid being 
antiseptic. The slow discharge of fats from the 
stomach is explained by the fact that not only do they 
inhibit secretion there, but when they begin to be 
digested in the duodenum they give rise to fatty acids 
which will help to keep the pylorus closed. Conse- 
quently, they leave only as fast as they are absorbed 
by the small, or carried into the large, bowel. They 
are dmost invariably present in the stomach seven 
hours after ingestion. 

The discharge of the gastric contents may be reflexly 
delayed in another way. Murphy and Cannon found, 
after high intestinal section and suture, that for almost 
six hours after recovery from anessthesia, the pylorus 
remained tightly dosed. There is a remarkable coin- 
cidence between the period of dday in the discharge 
and the time required for the primary cementing of 
tho intestipal wound. This is clearly protective, and 
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probably explains the spasm and consequent hyper- 
ohlorhydria of reflex dyspepsia. It may ooonr in 
dnodenal nicer and in disease^of the biliary passages, 
both of which we know are accompanied by hyper* 
chlorhydria, a common result of pyloric spasm. This 
occnts also when the colon is irritated, and it has 
become recognised of late that hyperohlorhydria is an 
almost inyariable accompaniment of colitis, and fre* 
qnently results from chronic appendicitis. 

Mo?ement8 o! the Small Intestine^These are of 
two kinds: (1) Pendulum (Bayliss and Starling or 
segmentation moyements (Gannon) which trayel at 
the rate of 2 to 6 centimetres a second, and depend on 
muscle tone. They carmot moye the contents along, 
but serye to mix them thoroughly by forming a number 
of dtematdy constricted and dilated areas, each of 
which is diyided exactly into two by the next moye- 
ment. (2) Peristaltic moyements, a powerful waye of 
constriction following iimnediately on a waye of dilata- 
tion, so that the contents are always being driyen 
from a contracted into a dilated area. These wayes 
apparently depend on an intrinsic rieryous mechanism 
of the bowel, the plexus of Auerbach. At the same 
time the extrinsic nerves affect these waves, the vagus 
increasing and the splanchnic inhibiting them. An 
exception to this general statement is the fact that the 
splanchnic nerve supplies motor fibres to various 
sphincters. Elliott has formulated the law of the hollow 
viscus as follows : ' If the quiet lodgment of the contents 
be facilitated by the presence of sympathetic inhibitory 
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nsrvci to the body of the Tisous, there will abo be 
sympethetio motor nwvee at the sphinoter olosing 
the exit.’ The pylonu» the ileo-osBoal ya]ye» the in* 
temal awA.! sphincter and the neck of the gall'bladder 
are all thus sopplied. 

Extrinsic mflnViAniiiinB occasionally interfere edth the 
nnrinal intrinsic ones, asaally in the direction of in* 
hibition. This is observed after operations. It has 
been shoirn that even gentle manipulation of the 
stomach and intestines produces a much greater post* 
operative inactivity than anything else in the opera* 
tion. That this is due to reflex inhibition is proved 
by the fact that it is overcome for a time by ipjection 
of eserine salicylate (-x^ grain four hourly for six doses), 
which diminishes these nervous influences, while 
tincture of aloes, which is particularly effective in 
promoting peristalsis in the cat, is quite ineffective 
after such manipulation of the got as results in para* 
lysis. Some emotional states are a strong stimulus to 
peristalsis, while others inhibit it. Thus in most 
ATiiniftlfl any sign of rage or distress or mere anxiety 
is accompanied by a total cessation of the movements 
of the stomach. In the dog's intestine, on the other 
hand, after signs of emotion there is a marked increase 
of activity lasting for only a few minutes. Emotion as 
a factor in the production of diarrhoea is well known. 

Apart from operative interference or organic ob* 
stmction delay seldom occurs in the small intestine. 
flftnnnn never observed it experimentally, and Hurst 
found it only in lead-poisoning. I have occasionally 
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observed it with X rays. Peristaltio rash, on the 
other hand, is not infrequent^ here, and may be the 
result of a purgative or im enema. Of the three 
foodstufb, oarbohydrates normally pass the most 
rapidly. This may be assodated with the presence 
of cellulose and its well-known mechanical action. 
Gannon noted that normally the peristaltic wave can 
force the contents past kinks and sharp bends without 
diflGioulty, an observation which has an important 
bearing on Arbnthnot Lane’s views of intestinal stasis. 
Owing to the comparatively dilute condition of the 
contents of the small bowel the movements of segmen- 
tation and peristalsis are not so clearly seen with the 
X rays as in the stomach and colon. After an ordinary 
meal the average time for the shadow to appear in the 
csBOum is four and a half hours (Hurst), so that the 
rate of progress through the 22| feet of small intestine 
is rapid. 

Gannon also made some interesting observations on 
the result of intestinal anastomosis. After an end- 
to-end onion of the intestine there was no evidence of 
stasis, but after lateral anastomosis there was a more 
or less complete blocking. In time the tube may be 
straightened out after a lateral anastomosis, with 
restitution of functional efficiency, but there is a period 
when there is a danger of obstruction, because the 
division of the drcular coat of muscle interferes with 
peristalsis. Further, if the blind ends of the lateral 
loops are allowed to extend beyond the openings 
there la a danger of the proximal portion'’ becoming 
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inyaginated until it fills the lumen of the anastomosis. 

Movements ol the \iarge Intestine.— Functionally 
the large intestine can be divided into three portions 
which do not correspond exactly to the anatomical 
divisions: (1) a proximal part characterized by the 
presence of antiperistaltio waves, (2) an intermediate 
part conforming to the type of movements seen in the 
small intestine, and (8) a distal portion,, the rectum, 
where the central nervous system again assumes con* 
trol. It is in this last part that disturbances are most 
likely to occur because the automatic call for the dis- 
charge of its contents can be voluntarily suppressed. 
Antiperistalsis is rather a misnomer, for it is really a 
rhythmical series of reversed segmentation movements 
depending largely on the degree of tension present, 
and not peristaltic waves originating from a ring of 
tonic constriction. It serves to chum the food and 
delay its onward passage. It necessitates a true 
muscular sphincter at the ileo-cescal valve, and the 
development of a cecum is a corollary to its occurrence. 
In animals like the rabbit and the herbivora in general, 
where the cecum is long, it can be filled only by the 
aid of antiperistalsis. This also accounts for the fact 
that the emptying of the cecum is never complete. 

In the large bowel the absorption of water mainly 
occurs, and as the contents become more solid, the 
shadow oast on the X-ray screen becomes more in- 
tense, so that the segmentation waves and peristalsis 
' become very distinct. * The onward progress also 
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becomes much slower, so that the colon is traversed 
in about six hours. During the night the movements 
are considerably slower than tlm. According to Burst, 
the entire large intestine below the splenic flexure is 
normally evacuated at a single act of defecation. The 
action of some purgatives in producing peristaltic rush 
in the large intestine is marked. Thus senna causes 
an evacuation as soon as it enters the colon, and anti- 
peristalsis is completely inhibited. Enemata, on the 
other hand, have a markedly stimulating action on the 
antiperistalsis of the colon. Small rectal injections 
are never forced even partially into the small intestine; 
but with larger amounts, whether fluid or semi-solid, 
many coils of the small gut become filled. In cases of 
oncal fistula the ileum has been transplanted into the 
transverse colon without stopping the discharge, for 
here, as dsewhere in the alimentary canal, the contents 
will continue to follow the direction of the powerful 
muscular waves which will be very incomplete where 
the circular coats have been divided. This has an 
important bearing on short-circuiting operations 
designed to exclude the large bowel. If the normal 
path be left open, much of the contents will continue 
to pass along it. Lockhart Mummery considers that 
occlusion of the colon, either partial or complete, is 
usually incompatible with permanent good health. 
Accumulation of fssces occurs sooner or later in the 
occluded loop, and causes trouble which, if unrelieved, 
produces auto-intoxication and possibly abscess or 
perforation. 
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. IMbaoatioii. — Approzimatelj nine hooia after in- 
gestion material entm the desoending colon, and 
remains there until the next aotion of the bowels. 
This means, as Horst has pointed out, that when the 
bowels are opened regularly once a day the interval 
between a meal and the excretion of its residue will 
vary between nine and thirty-three hours. As the 
pelvic colon becomes distended it rises, widening the 
acute angle with the rectum, thus removing an ob- 
stacle to the onward progress of the contents. The 
rectum should normally be empty, except during the 
act of defesoation, but in constipated persons it always 
contains some faeces. The first meal of the day evokes 
perist^tic waves throughout the whole alimentary 
tract, driving some of the contents of the pelvic colon 
into the much more sensitive rectum. It is distension 
of the rectum which evokes the desire to defecate, 
which may be produced either by the passage of faces 
from above or by a balloon introduced through the anus. 
The distension may be increased voluntarily by con- 
traction of the abdominal muscles of the walls. A 
powerful wave of peristalsis is thus produced in the 
rectum, and the discharge of contents is facilitated by 
the recto-coooygeus muscle, which draws the rectum 
backwards, straightening out the an^e in its lower 
portion, while the anal sphincters are relaxed. The 
levator ani mainly acts os a voluntary sphincter, but 
‘ it may also help in defeecation by directing the fasces 
forward towards the entrance to the anal canal, and 
by drawing this canal upwards over the fescal mass, 
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and finally contracting firmly behind it. In multi- 
paronB women injury to, and atrophy of, the levator 
ani play a distinct part in the production of oonstipa* 
tion. Again, the levator ani being a voluntary muscle 
can resist the call to defecation. When this occurs 
the desire soon passes off until the arrival of more 
feces again distends the rectum. Repetition of this 
process blunts the sensibility of the rectum until it 
habitually retains a considerable amount of feces. 
Althoujdi such a patient is constipated, X-ray examina- 
tion shows that there may be no delay in the onward 
passage of the intestinal contents until the rectum is 
reached. For this type of constipation Hurst has 
revived the term dyschezia, originaUy used by Robert 
Barnes to denote painful evacuation of fasces. As he 
points out, there is little use in treating such a case 
by aperients which have to act on a colon which is 
normal in its response. The rational procedure is the 
routine use of enemata, by which the rectum can be 
emptied and its tone regained. 

In Hirschsprung's disease, often erroneously called 
a ' congenital idiopathic ’ dilatation of the colon, the 
rectum is not involved in the dilatation. The hyper- 
trophy of the muscular coats of the colon shows that 
atony is not the cause, but that there must primarily 
be an obstruction. This, according to Hurst, is 
primarily fesoal, as a rule, though in rare oases it may 
be spasmodic. Once the colon becomes dilated, it 
produces a kink by overhanging the undilated part 
below. The obstruction is thus maintained eten when 
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this Impacted tooes oiiginaDy present have been 
eyacnated. As this (^stmotion can be seen only 
when the parts are in position, the failure to discover 
it post mortem is explained, since there is no organic 
stricture. In the same way it may not be detected at 
operation, since the laparotomy allows the dilated 
colon to rise out of the abdominal wound, which 
relieves the obstruction for the time being. Bloch- 
mann urges that there is a valvular obstruction usually 
produced by a congenital kinking at the junction of 
the pelvic colon with the rectum. On the view put 
forward above, the kink is not congenital, but results 
from constipation in the first instance. In treatment 
the most important thing is to empty the colon as 
completely as possible by enemata, and then to prevent 
its becoming overloaded again by the use of a rectal 
tube passed above the kink. If this cannot be done 
a laparotomy will allow of the distended colon being 
pulled upwards, and the tube can be passed. Strych- 
nine and abdominal massage are valuable adjuncts to 
treatment. The radical operation of removal of the 
colon is fraught with grave danger to life. Hurst 
advises its performance in three stages: First, a colos- 
tomy; secondly, an anastomosis between the ileum and 
the undistended rectum; and finally, a colectomy, if 
necessary. In any case, the prognosis is unfavourable 
once the condition is thoroughly established. 

Intestinal Stasis and its Consequences.— A new 
interest has been aroused in the mechanical factors in 
digestion by Sir Arbuthitot Lane's work on viscerop- 
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toBis and intestinal stasis. The very enthusiasm \rith 
which he has advocated his views has perhaps tended 
to exdte opposition. Howeva, considerable evidence 
has now been accumulated by independent observers, 
who were sceptical at first. Probably while the more 
extreme parts of his doctrine will not command assent, 
his main contention will gain increasing support. He 
holds that the main cause of visceroptosis is the adop- 
tion of the erect posture, while contributory factors 
are the stretching of muscles and the relaxation of 
ligaments due to repeated pregnancies, tight lacing 
by wrongly constructed corsets, lifting of heavy weights, 
emaciation, and muscular debility. He also attaches 
considerable importance to the customary sitting 
posture adopted during defescation by civilised races 
as contrasted with the primitive squatting attitude, 
as hdping to force the viscera down into the pelvis. 
It will be noted that many of these causes are more 
operative in women, in whom the condition is much 
commoner than in men, where the lesser obliquity 
of the pelvic brim also affords more support to the 
viscera. The three principal results of this viscerop- 
tosis are, according to Lane, (1) the formation of con- 
servative adhesions along the lines of resistance to 
downward displacement, (2) the consequent produc- 
tion of kinks along the course of the gastro-intestinal 
tract, leading to (8) stasis, with delayed digestion, con- 
stipation, and auto-intoxication. 

The adheawM are not the result of inflammation, but 
are developed where the mosenteric attachment has 



INTESTINAL KINKS 


126 


been ^dragged upon to ooonteraot the dropping of the 
TiBoe^ The existence of such adhesions has long 
been ^own, bat the inAipretation is new. They may 
oooux (1) between the pyloros and the onder surface 
of the liver in front of its transverse fissore, extending 
along the cystic duct and gall-bladder; (2) between the 
outer aspect of the osscum and the adjacent abdominal 
wall; (8) between the hepatic flexure and the right 
kidney; (4) between the descending colon and the 
abdominal wall ; (6) fixing the sigmoid loop of the pelvic 
colon to the brim of the true pelvis. On the other 
hand, the splenic flexure is naturally well supported by 
the costo-colic ligament, which may become thickened 
as the downward drag increases. 

The kinks may form (1) at the pylorus in conse- 
quence of the first of the adhesions described above, 
causing delay in the emptying of the stomach; (2) at 
the junction of the duodenum with the jejunum, result- 
ipg from the end of the duodenum being firmly fixed 
by a peritoneal band, while the freely mobile jejunum 
drops; (8) at the ileo-csecal Junction due to prolapse 
of the osecnm into the pelvis while the ileum is held up 
by a thickened layer of mesentery; (4) at the appendix 
by an acquired mesentery, which leads to the distal 
part being sharply flexed on the proximal part; (6) at 
either end of the transverse colon by adhesions to the 
ri^t kidney at one end, and by the costo-colic liga- 
ment at the other, while the gut in between drops; 
and (6) in the pelvic colon, where it becomes adherent 
to the brkn of the true pelvis. 

A large nuftiber of symptoms have been referred by 
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Lane and his followers to intestinal stasis — a poor 
appetite and a bad taste, offensive breath, flatnlenoe, 
constipation, attacks of nau^ and vomiting, and 
frequently abdominal pain with points wbidi are tender 
to pressure. The general effects of the intomcation 
are seen in the depression and want of energy, both 
mental and physical. The circulation is impaired, 
the hands and feet are cold, clammy, and often livid, 
the skin loose and inelastic, becoming pigmented. 
Progressive emaciation, headache, backache, muscular 
pains and aching joints are not uncommon. In women 
the breasts show the changes of chronic mastitis, and 
often undergo cystic degeneration. Without going 
into the more remote effects assigned to this cause, 
which, starting with diminished resistance to tuber* 
, oulous infections, threaten to extend until every ail- 
ment and lesion are thus explained, we may note the 
ingenious way in which the theory is made to account 
for many diseases of the alimentary tract and its 
aimexes. The mechanical retention of stomach con- 
tents causes them to become more acid, from continued 
secretion, which may be a potent cause of erosion and 
ulceration of the gastric mucosa. The mucous mem- 
brane of the ‘ kinked ’ duodenum becomes congested 
and then ulcerated. On this view gastro-jejunostomy 
is not a rational treatment for duodenal ulcer, and Lane 
holds that it benefits only by anchoring the mobile 
jejunum in such a way that it cannot kink upon the 
fixed duodenum. In many eases the kink is slight 
enou^ to be got over by ^ng down aftpr meals. 
Duodenal ulcer can often be treated sdCcessfully by 
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rest and medical means, and the absolute rest necessi- 
tated by the operation no doubt plays an important 
part in the good resultB attributed to it. AHCAwiling 
infections of ducts can occur more readily when as a 
result of stasis bacteria normally confined to the large 
intestine ascend into the ileum, and so gall-stones and 
pancreatitis are explained. As has been already said. 
Lane holds that adhesions round the appendix are more 
frequently the cause than the result of appendicitis. 
Mucous colitis is referred to similar causes, and carcinoma 
of the intestines is held to result from irritation due to 
material passing along the various kinks and flexures. 

Such sweeping conclusions have naturally aroused 
opposition. It must be remembered that Cannon 
found that peristalsis was able to drive on the contents 
of the bowel past quite sharp kinks, and in tuberculous 
peritonitis; or malignant disease of the intestines kinks 
are formed which in many cases produce neither con- 
stipation nor stasis. There is a muscular sphincter 
of some length at the ileo-ctecal valve, which might 
easily produce the appearance of a narrowing by 
adhesions, and similar sphincters have been described 
by Keith in the position of most of Lane’s kinks. As 
the bismuth shadow is often seen to be as intense on 
the distal as on the proximal side of the ‘ kink,’ it 
cannot always mean a definite obstruction. Again, 
in healthy persons, the transverse colon may be 
quite as low as in cases of visceroptosis, without 
any symptoms. But when a number of observers 
agree that th^ oan recegnize the condition by its 
symptoms, that it can be confirmed by X-ray examina* 
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tion and Bubseqaently at tbe operation, and that it ora 
be cared by short-oircaiting; and that the patients 
remain oared, it is hard to see what farther proof ora 
be demanded. That extravagant claims are being 
made does not disprove the main contention. The 
radiographic evidence adduced by A. C. Jordan in 
support of Arbuthnot Lane’s views cannot be lif^tly 
brushed aside. At the same time we most remember 


that sympathetic irritation of the bowel would inhibit 
peristalsis and contract sphincters. Therefore emo- 
tional causes mi^t produce intestinal stasis. 

Treaiment of Visceroptosis . — ^Prophylactic measures 
include the inculcation of regular habits as to the 
bowels, starting in childhood and continued throughout 
life, the use of low lavatory seats, or of footstools high 
enough to allow of a squatting posture diuing defaaoa- 
tion, not lifting heavy weights or getting up too soon 
after debilitating illnesses and confinements, the avoid- 
ance of corsets exerting a downward pressure, and the 
correction of a tendency towards emaciation. Besides 
the ordinary measures for the relief of constipaiion 
* specif mention must be made of liquid parafBn, which 
has lately acquired such a vogue in the treatment of 
constipation. Not being absorbed, it increases the 
bulk of the fssces, and really does seem to facilitate 
the onward progress of the intestinal contents. The 
drawback to its use is that in some cases it produces 
a slight degree of incontinence; but this is generally 
because too large an amount has been taken. I there- 
fore start by prescribing quite a small dose, such as 
a drachm, rad increasing slowly till* the quantity 



VISCEROPTOSIS 


120 


Buitftble for the individoal has been found, \rhich may 
be an onnoe or more.^ Some preparation of Iceland 
mosa, snch as regnlin, prescribed at breakfast time 
with some cream, by its power of absorbing water and 
swelling up, is useful occasionally to increase the bulk 
of hard dry faces ; but I have not found it as effective 
as paraffin, while other observers have sometimes 
found it to cause troublesome accumulations in the 
oecum. Abdominid massage and exercises designed 
to develop the abdominal muscles may be bdpful, 
though in some of the worst oases of ptosis the ab- 
dominal widls are quite good, the movement of the 
viscera being downward and not forward. A well- 
fitting abdominal support, of which I believe the best 
to be Curtis’s, is often of great assistance. It might 
be thought that such a support can only do good, and 
should only be worn when the abdominal muscles 
ate BO weak that they are unlikely to recover. Snob, 
however, is not my experience, and Hurst believes 
that the good effect of the support is due to its in- 
creasing the intra-abdominal pressure rather than to 
its replacing any particular viscus. He regards a 
disturbsuice of the balance between the thoracic and 
abdominal pressures as one of the main factors in 
inducing visceroptosis, and thinks that if the drag on 
the viscera is prevented, the patient is enabled to eat 
more without fear of discomfort, and to take more 
exercise, thus helping to overcome the sluggish action 
of the intestines. If all these points are carefully 
attended .to, surgical interferwioe will not often be 
required, men the X rays show pyloric spasm and 
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delay chiefly, or solely, at osotim, I think the 
appendix u generally respons^le for the symptoms, 
and its removal may be indicated. ^ 

As to other operative measures, only in exceptional 
eases is the mere division of constricting bands to be 
advised. If divided they are apt to recur, and, as has 
been already pointed out, their formation is compen* 
satoiy. Such a drastic operation as resection of the 
whole of the large bowel is certainly to be avoided if 
possible. Nevertheless, good results have been re- 
corded. Ill results are more likely to escape being 
placed on record. 

W. E. Miles has put forward another view as to the 
production of intestinal stasis in women, in whom, of 
‘ course, the symptoms are much more common. As a 
result of the general sliding down of the posterior wall 
of the peritoneum, there is a proptosis of the broad 
ligaments. On the left side this tends to obstruct the 
pelvic colon where it passes over the sheU formed by 
the ligament which has assumed a horizontal instead 
of a vertical position. Adhesions form and still further 
add to the obstruction. Miles believes that if this 
obstruction is removed by obliteration of the left broad 
ligament, the rest of the alimentary canal will recover 
its tone. That there is a demonstrable pelvic shdf 
in these cases is certain, but it is not claimed that its 
mere rectification will cure, since he adds that ‘ it is 
essential that a course of intestinal lavage combined 
' with the daily use of suitable aperients, should be 
persisted with for several months afterwands.’ He 
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perhaps attributes an SKoessive share of the improve* 
meat to the operatiot. Waugh has advocated the 
operation of oolopexj, or stitching up of the dropped 
^ ascending colon, which he believes to be the main 
seat of the trouble. I have been much impressed by 
the frequency with which the focus of an organic 
dyspepsia is situated on the right side, and also with the 
co-existence of several such lesions, such as cholecystitis 
with appendicitis, appendicitis with peptic ulcer, and 
so on. But I am not satisfied that colopexy is always 
a remedy, and I have seen great trouble with the con- 
sequent adhesions. 

Some scepticism is natural when one recalls the 
number and variety of the surgical short cuts to health 
that have been advocated, and the disillusion that has 
too frequently followed. Appendicectomy, gastro 
jejunostomy, colopexy, intestinal short circuits, and 
rectification of the pelvic shelf may all have their use 
in suitable cases. There has been, however, a regret- 
table tendency of the advocates of each to regard their 
particular method as a panacea to the exclusion of all 
the others. This is part of a generally uncritical 
attitude seen too frequently in the profession, and one 
that has been satirized by the observant layman. Only 
by a close and accurate study of the normal mechanism 
of the alimentary canal can we arrive at sound conclu- 
sions as to the value and limitations of any procedure, 
medical or surgical 



CHAPTER IV 

THE WORK OF THE PANCREAS 

Although the pancreas provides the most active 
digestive secretion in the body, and plays an impor- 
tant part in general metabolism, until recently disease 
in it was not often recognized during life. A considera- 
tion of the way in which the pancreas does its work may 
enable us to realize the difficulties attending this 
recognition, and the steps by which they are being 
overcome. 

As soon as the acid chyme enters the duodenum 
the secretion of pancreatic juice begins. Its alkdinity 
corresponds almost exactly to the acidity of the 
gastric juice, so that, allowing for the alkaline bile, 
the total bulk of pancreatic secretion will be rather 
less than that of the gastric secretion. 

Von Mering has shown that injection of add into 
the duodenum leads to closure of the pyloric orifice. 
Not until this add has been neutralized by the pan- 
creatic juice it has produced can more of the add con- 
tents of the stomach pass throu^ the pyloric sphincter. 
The secretion is thus exactly regulated to the amount 
of food arriving from the stomach. 

Pavloff thought that thb addity of the chyme 
182 
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acted by stimolating special nerve - endings in the 
dnodennm, but Worthier showed that the acid was 
equally effective after section of all the nerves in the 
nei^bourhood, or even after extirpation of the solar 
plexus. The acid produced less effect the further 
down the intestine it was introduced, untfl within 
two feet of the ileo-ccecal valve it ceased to have any 
effect at all. This paved the way for Bayliss and 
Starling’s important discovery that the hydrochloric 
acid of gastric juice, when it comes into contact with 
the mucous membrane of the intestine, leads to the 
production of a chemical stimulant, secretin, which is 
absorbed from the cells by the blood-stream and 
carried to the pancreas, where it acts as a specific 
stimulant to secretion. 

Dilute hydrochloric acid was placed in a loop of 
jejunum which had been previously isolated from the 
rest of the body except for its blood-supply. The 
absorption of acid was accompanied by a secretion 
of pancreatic juice. If, however, the acid were in- 
jected direct into the blood-stream, it was ineffective. 
On the other hand, a saline extract of the intestinal 
mucosa treated with hydrochloric acid and injected 
into the blood-stream produced an active secretion. 
Thus, for pancreatic se<»etion to occur normally, 
hydrochloric acid must descend from the stomach, 
which will only happen in the presence of food. 

For some years after this discovery it was generally 
believed that this chemical mechanism is sufficient to 
account for all the faats of pancreatic secretion. 
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Clayton-Greene has, however, recorded a case which 
seemed to point to nervous infli^ce. During pjlorec- 
tomj for malignant disease of the stomach a pancreatic 
fistula was accidentally formed. A few seconds after 
food was swallowed pancreatic juice began to appear, 
and this occurred even when the food had only been 
seen and not swallowed. Nervous mechanisms are 
distinguished from chemical by their speed, and here 
the reaction was very rapid. 

In 1911 Gathcart obtained pancreatic secretion in 
animals by vagal stimulation; so that, while the main 
stimulus is chemical, we must admit a nervous factor 
as well. It may be safely asserted that after sever- 
ance of all nervous ties secretin can produce a copious 
flow of pancreatic juice. Comprehension of this 
chemical factor brings the regulation of pancreatic 
digestion more under our control. 

Inadequate pancreatic secretion appears to have a 
striking effect upon growth. Byrom Bramwell has 
described a condition of persistent infantilism due to 
this in a lad of eighteen, who did not look more than 
eleven. He was perfectly formed, bright, and in- 
telligent. His height was 4 feet 4 inches, and his 
weight 4 stone 7| pounds. He had suffered from 
diarrhoea for nine years. The abdomen was swollen 
and tympanitic. Skiagrams showed that the epiphyses, 
which should have united between sixteen and eighteen, 
had not done so. There was no glycosuria. The 
pancreatic secretion was found to be defective os 
absent by tests described lateli^. Marked improvement 
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followed treatment by a glyoerine extract of the pan- 
oreas. The diarrhoeai, greatfy diminished; he grew 
6| inches in two years, and increased 1 stone 8 pounds 
in weight, although previously he had not grown for 
eight years. Signs of puberty, till then entirely lacking, 
now developed. 

Here profound disturbances resulted from pan* 
creatic inadequacy, yet there was no glycosuria, 
suggesting that it was only the external secretion of 
the pancreas, and not the internal secretion, that was 
at fault. I have seen a case of severe congenital 
syphilis in a boy of sixteen, combined with persistent 
infantile features. In appearance he looked about 
eight or ten years old, and all signs of puberty were 
lacking. Now, congenital syphilis is known to lead 
to arrested bodily development, but the special feature 
of interest here was the existence of fatty diarrhoea, 
suggesting pancreatic inadequacy. There was no 
glycosuria. At the post-mortem examination the 
condition of the pancreas typical of congenital syphilis 
was found. The condition closely resembles, how- 
ever, the infantilism described by Herter as doe to a 
chronic intestinal infection characterused by an over- 
growth and persistence of the flora of the nursling period. 
And, after all, any chronic disease in early life, which 
interferes with sufSciently important functions, may be 
responsible for persistent infantilism. 

Why does not ffte pancreas digest itself t It was long a 
problem why the digestive organs, themselves composed 
of protein tissues, should resist digestion by their own 
ferments. In the case of the stomach, the fact that the 
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juice only acts in an acid medium, while the blood is 
alkaline, was held to explain t|;ie difficulty. But this 
only made the case of the pancreas all the more striking. 
Now, however, we are provided with a satisfactory 
answer to the riddle. The tryptic activity of the pan- 
creas is hedged around with some remarkable safeguards. 

1. Active trypsin is normally liberated only in the 
presence of food. As stated, hydrochloric acid is the 
stimulant to pancreatic secretion, and this will pass 
into the duodenum only as the result of food leaving 
the stomach. 

Moreover, fresh pancreatic juice contains inactive 
trypsinogen. Before this can become active trypsin, 
it must be acted upon by another ferment, entero- 
kinase, which appears to be present only in the sucous 
entericus. Therefore the fluid present in the duct of 
Wiisung cannot injure the gland, for it is inactive 
until discharged from the papilla. And although any 
mechanical irritation of the intestine will lead to the 
outpouring of mucus, true succus entericus is secreted 
only in the neighbourhood of the food; while, according 
to Pavloff, its richness in enterokinase depends on the 
stimulating action of the pancreatic juice. Whatever 
the exact stimulus to succus entericus may be, it is 
difficult to extract enterokinase from the intestine of 
a fasting animal, so that its presence seems to be 
dependent on the food. This ‘ double looking ’ insures 
that under normal conditions active trypsin can be 
liberated only in the presence of food. 

The importance of these sfifegnards is seen on in- 
jesting secretin into fasting dogs. Then active pan- 
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creatio joioe is set free, and the intestinal walls are 
extensivelj digested, a 

2. Trypsin is an unstable body, and rapidly destroys 
Usdf, if proteins or their products are not preseni, In 
this way trypsin left over at the end of digestion is 
soon disposed of. 

8. The blood-serum contains an antibody to trypsin, 
thus destroying any ferment which may accidentally 
enter the circulation. 

Trypsin is no exception to the general rule that the 
introduction of a substance of the protein class into 
the circulation excites the formation of the appro- 
priate antibody. It is interesting that intestinal 
worms also contain an antitrypsin. This explains at 
once their power of living in the intestine and the 
voracious appetite of their host, who is thus largely 
incapacitated from assimilating proteins. 

For these reasons it is difficult to understand how 
pancreatic hssmorrhage or necrosis can be due to self- 
digestion of the gland by trypsin. But probably other 
things besides enterokinase may be capable of activating 
trypsinogen. After all, a ferment merely carries out 
with great velocity, and at the temperature of the 
body, a reaction which can be performed, though much 
less readily, by other means. 

Delezenne claims that calcium salts can activate 
trypsinogen, as we know they do fibrin ferment. A 
pre-existent pancreatic catarrh might lead to the 
/formation of active trypsin within the ducts of the 
gland; pancreatic calculi? for instance, are rich in 



138 PHYSIOLOG^AL PRINCIPLES 

s-l 

calcitim salts. Goleke has advanced evidence that 
self-digestion by tiypsin is the cause of the toxic 
symptoms in acute necrosis of the pancreas. 

Laparotomy for a ruptured pancreas has been 
followed by rapid digestion of the rectus abdominis in 
the neighbourhood of the wound. As no injury to the 
duodenum was found at the necropsy, there could hardly 
have been activation by enterokinase. The drainage of 
pancreatic cysts, too, has occasionally been followed by 
extensive self-digestion along the track of the fluid. 

But such oases are exceptional, and the usual cause 
of the necrosis is probably the passage of infected bile 
back along the pancreatic duct. As normal bile will 
not activate trypsinogen, the effect is probably due 
to some septic infection of the bile. Drainage of the 
gaU-bladder, so as to prevent infected bile from coming 
into contact with the inflamed tissues has been strongly 
recommended by Mayo Bobson for inflammatory 
conditions of the pancreas. 

Fat Necrosis. 

With regard to steapsin the case is different; should 
the juice be extravasated from the gland, digestion 
of the body-fat will follow. ‘ Fat necrosis ’ is due to 
this splitting of the body-fat into glycerine and fatty 
acid, the latter combining with lime salts. Flexner 
has demonstrated the presence of steapsin in the 
affected areas, while Opie was able to show its presence 
in the urine in one such case by its decomposing action 
on ethyl butyrate. 
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these opaque white areas, often surrounded by a 
ring of inflammation, are usually most abundant in 
the neighbourhood of the pancreas and omentum, 
which suggests that they are caused by direct extrav- 
asation of the steapsin. 

Cammidge’s ‘ pancreatic reaction ’ is founded on the 
belief that there is a large proportion of a pentose- 
yielding substance in the pancreas, so that in dis- 
integration of the gland we might expect to find it in 
the urine. But it does not appear to have met with 
general acceptance. 


Other Panoreatlo Ferments. 

Pancreatic juice can act on all three classes of food- 
stuffs. The starch-splitting ferment, amylopsin, only 
differs from ptyalin in saliva in being more rapid and 
in being able to act on unboiled starch. Were amyl- 
opsin to enter the circulation, it could do no harm 
beyond digesting the glycogen in the liver. This could 
not account for pancreatic diabetes, since the glycosuria 
does not cease with the emptying of the glycogen 
reservoirs, and is most intense after total excision of 
the pancreas. 

Pancreatic juice also contains small amounts of 
erepsin, which completes the digestion of proteins, 
a milk-curdling ferment, and a malt-sugar-splitting 
ferment. But they are of subsidiary importance here, 
being more abundantly present in other digestive 
secretions. 



140 PHYSIOLOGIGIAL PRINCIPLES 


The Ltflnence of the Panoieae on Oeneral Metabolism. 

Since the oleussical experiments of von Mering and 
Minkovraki, much interest has been taken in the 
relationship of the pancreas to diabetes. Extirpation 
of the pancreas in dogs is followed within twenty-four 
hours by glycosuria, reaching its maximum on the 
third day, when it amounts to 8 or 10 per cent, on a 
carbohydrate-free diet. This is associated with excess 
of sugar in the blood, and the presence of acetone in 
the urine. The constancy of the ratio of the carbon 
tp the nitrogen excreted (2*8 to 1) is best explained by 
supposing that protein is the source of this sugar. 
In repeating these experiments Allen found that severe 
diabetes regularly occurred when nine-tenths of the 
gland were removed and frequently when less was taken 
away. 

The fact that an adequate pancreatic remnant could 
still exert its control, even if its connection with the 
duodenum were severed, naturally suggested that 
the pancreas furnished an internal secretion which 
promoted the utilization of sugar. The cell-islets of 
Langerhans were thought to form it. These are ovoid 
groups of poorly staining cells of two kinds, called 
alpha and beta, which appear to arise from the secreting 
alveoli, but to lose their connection with them. 

Normally they contain no ducts, and are supplied 
with wide tortuous capillaries or ‘sinusoids. ’ Inman 
they are scattered irregularly through the gland, though 
in some animals, such as the oat, they are constantly 
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in the centre of the lobe. Bennie found very large 
iflletB in the bony fishes, including in some a principal 
islet, separated from the rest of the organ, visible to 
the naked eye, and capable of dissection. 

Opie strongly supported the view that injury to 
these islets is responsible for the disturbance of carbo- 
hydrate metabolism. He claimed that the more selec- 
tive the influence of a lesion is upon the islets, the 
more likely is it to cause glycosuria. Thus interstitial 
pancreatitis may be interlobular or interacinar; the 
latter soon affects the islets which lie deep within the 
lobules, whereas the former has to be far advanced 
for the islets to become involved. It is the interacinar 
form which is more likely to be associated with glyco- 
suria. Allen regards hydropic degeneration of the cell- 
islets to be a specific diabetic phenomenon, produced 
by overtaxing their weakened assimilative power. 
Only the beta cells seem to be concerned in this. 

It has long been known that if the pancreatic duct 
be tied, the alveolar cells degenerate, but the cell-islets 
remain. Yet it was reserved for Banting to apply 
this as a method of obtaining the internal secretion 
which others had repeatedly failed to isolate. Having 
extracted by this means an active preparation to which 
the name insulm was given, it was soon found possible 
to obtain it by fractional alcoholic precipitation from 
the intact pancreas. It appears to be a substance 
of a larger molecular weight than other hormones, and 
can be obtained from other sources including yeast 
(Winter and Smith). Its practical importance is dealt 
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‘With in the chapter on Glyoosuna. Here it ia sufficient 
to tey that the formatic^ by the cell-islets of an active 
internal secretion influencing carbohydrate metabolism 
and, reducing blood sugar has at last been proved up to 
«4he hilt. 

The Manifestations of Pancreatio Disease. 

Disease of the pancreas is still considered to be rare, 
but, in view of its multifarious duties, it would be 
strange were this really true. Gross lesions may be 
rare, but inflammatory changes are not uncommon. 
' Catarrhal jaundice ’ is probably pancreatic in origin 
sometimes, and it is possible that in many cases of 
intractable dyspepsia the pancreas is at fault. 

Three main factors tend to obscure the diagnosis 
of pancreatic disease: 

1. * Disease of the organ is seldom uncomplicated, 
but is usually consequent on changes in the duo- 
denum, liver, or bile-pass^es * (Opie); and when 
not the result of such changes, it may be the cause 
of them. 

2. The digestive work of the pancreas can be largely 
' carried out by other secretions. Digestion of fat has 

been thought to be an exception to this statement. 
But even under aseptic conditions the gastric juice 
is capable of splitting 60 to 60 per cent, of the fat of 
the food into fatty acid and glycerine. Moreover, fat- 
splitting can also be accomplished by intestinal bac- 
teria. This accounts fov Abelmann's observation that, 
after excision of the pancretfi m dogs, 68 per cent, of 
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the bt of milk is etill digested, and lor H^don’s and , 
Vine’s, who found that 60 per cent, of fat was digested 
after the pancreatic juice was prevented from reaching 
the intestine. 

Another source of fallacy is that occlusion of the 
main pancreatic duct may be partially compenssiited' 
for by the duct of Santorini. 

On the other hand, occlusion of the bile-duct, o^r, 
tuberculosis of the alimentary tract, may result in . 
excess of fat in the stools without pancreatic disease.' 

8. Pancreatic disease is only one of many causes of 
glycosuria, and lesions which only affect part of the 
gland may not be accompanied by glycosuria at all. 

Bearing these sources of error in mind, we may now 
consider — 

The Signs of Panereatio Inadeauacg. 

1. D^ectwe EaAemal Secretion as indicated by — 

(a) Failure oj Tryptic Digestion . — Unaltered muscle 
nuclei may be found in the fseces after a meat 
meal. 

To aid the detection of these nuclei, the muscle fibres ' 
may be enclosed in small silk or muslin bags. Schmidt 
and Kasbiwado employ capsules containing lycopodium 
and stained muscle nuclei, the large size of the lycopo- 
dium grains acting as a guide to the coloured nuclei. 

. Even with this aid the finding of the nuclei is not an 
easy matter. Sahli’s method of enclosing iodine in 
gelatin capsules hardened by formdin cannot be 
recommended. He claiiAs that if the pancreatic 
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seoretion is inadequate the capsule Trill not be digested 
and therefore the iodine will not pass into the urine 
or saliva. But if the capsules are not hardened flTmng h 
th^ may be digested in the stomach; while if th^ are 
hardened too much, as is more commonly the case, 
no reaction is obtained even though the pa nff reas is 
heathy, because the capsule now resists tryptic diges- 
tion also. 

It is claimed that trypsin can be demonstrated in 
normal stools by placing a small quantity of fesces on 
a gelatin plate, when a small area of digestion will 
result. With absence of the pancreatic seoretion this 
would not occur. 

(b) Failure of Starch Digestion . — Though ptyalin can 
digest boiled starch, amylopsin alone can digest un- 
boiled starch grains. Abelmann found 20 to 40 per 
cent, of the starch in the fasces after experimental 
excision of the pancreas. Chronic pancreatitis may 
cause oxtduzia from intestinal fermentation of carbo- 
hydrates (Gammidge and Robson). 

(c) Failure of Fat Digestion . — This may result in true 
steatorrhcsa, or in the presence of fat droplets, fatty 
acid crystals, or soap in the fasces in such amounts as 
can only be detected by the microscope. But a quanti- 
tative estimation is necessary to determine the excess 
of fat satisfactorily. In normal fasces the saponified 
and nnsaponified fats are approximately equal in 
amount, the total amount of the two being 16 to 26 per 
cent, of the solid matter. As the pancreas provides 
for the fat-splitting that must precede saponification, 
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ODBaponified fat will be in excess of the saponified if the 
excess of fat in the stools k due to a pancreatic defecti 
On the other hand, the bile-salts provide for the absorp> 
tion of the fat already digest^ by the pancreatic 
juice, so that if the excess of fat be due to loss of 
bile simply, the saponified fats and free fatty acids 
will be in excess, because they cannot be adequately 
absorbed. 

2. Defective Internal Secretion as indicated by — 

(o) Diminished Sugar Tolerance.— Thongh spontane- 
ous glycosuria may be absent in pancreatic disease, 
it may often be excited by a carbohydrate diet. 
Thus, Wille tested a large number of patients with 
various diseases by administering 70 to 100 grammes of 
dextrose dissolved in | litre of tea or coffee. The urine 
was passed just before, and was then tested at in- 
tervals of two hours. If alimentary glycosuria exists, 
sugar should be found two hours after a meal. A 
normal person can take 160 to 200 grammes of dextrose 
at one time before glycosuria occurs. 

Wille found that, of fifteen cases of alimentary 
glycosuria thus tested, which he was able to follow 
to necropsy, ten had grave lesions of the pancreas. 
Though alimentary glycosuria may occur in other con- 
ditions, such as exophthalmic goitre and alcoholism, 
it remains a sign of considerable value when in con- 
junction with other evidence of pancreatic insufS.- 
ciency. Owing to changes in the renal threshold, there 
may be hyperglycasmia without glycosuria. As ex- 
plained in the chapter dh Glycosuria, examination 

10 
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of the blood therefore provides more satisfactory 
evidence than examination of the urine. Glycosuria 
may be rather a late symptom, and one that makes 
the prognosis more serious. 

(b) Adrenalin Eye Test . — When adrenalin is instilled 
into an excised eye, the pupil dilates. But normally 
this mydriasis does not occur with the eye in sUu. If, 
however, the pancreas is inadequate, the pupil will 
dilate in from twenty minutes to one hour after one 
drop of the liquor adrenalin hydrochlor. is dropped into 
the eye, and another drop five minutes later. Loewi 
explained this as due to an upset in the normal antag- 
onistic action of the suprarenals and the pancreas. If 
the latter is in defect, the former will be relatively in 
excess, and the addition of adrenalin will enable it to 
assert itself, so that dilatation of the pupil is no longer 
inhibited. The dilatation is often an eccentric one. 
The test may fail if repeated within a week. My 
experience of the test is that it is, if anything, too 
sensitive. The primary disease may be in the liver, 
for example, and the pancreas merely secondarily 
involved, yet the reaction is positive. I had an example 
of this in a primary carcinoma of the liver with a slight 
secondary pancreatitis, and I have seen a positive 
reaction in acute appendidtis. Again, if there is thy- 
roid excess, the reaction may be positive, although 
there is no disease of the pancreas, for there is also an 
antagonism between the internal secretions of the 
thyroid and pancreas. The test is simple and easily 
applied, but too much relianfie must not be placed on it. 
(o) Increase m Urinary Diastase , — There is normally 
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a;diaBtatio ferment in the urine, and it is found to be 
ninoh increased in recent pancreatic diseases. Indeed, 
at St. Bartholomew’s Hospital we have come to regard 
it as one of the best of the pancreatic tests. Ten test* 
tubes are taken containing amounts of urine varying 
from 0*6 to 0*06 o.o. The smaller quantities are 
measured by using a 1 in 10 dilution. The amount of 
fluid is made up to 1 o.o. by the addition of 1 per cent. 
NaCl. Two 0 . 0 . of a 0*1 per cent, starch solution is 
added to each tube, and the contents carefully shaken. 
The tubes are kept in a water- bath at 38° G. for half 
an hour, and then placed in cold water for two or three 
minutes to stop the ferment action. To each tube is 
added 1 drop of a 1 in 60 normal solution of iodine in 
distilled water, and the first tube in which a blue 
colour appears is noted. Here there must be some 
undigested starch, while in the one below in the series 
the digestion is complete. Thus, if the tube contain- 
ing 0*1 O.O. of urine is the first to show blue, in the one 
containing 0*2 o.o. digestion is complete — i.e., 0*2 o.o* 
will digest 2 o.o. of 0*1 per cent, starch solution in half 
an hour, and 1 o.o. will therefore digest 10 c.o. We 
aoqordingly say that this urine contains 10 units. The 
normal figures average 10 to 20 units, but may range 
between 6*6 and 88*8 units. The test was originally 
designed by Wohlgemuth as a measure of renal efficiency, 
the output being lowered if this were impaired. But 
subsequent work has shown that the diastase in the 
urine does not necessarily run parallel with the diastase 
in the blood, which is perhaps what we might expect . 
bom what we know of the behaviour of the kidney 
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tBreshold towards substances useful to the body. The 
test has proved of more value in the recognition of 
pancreatic disease, because here the alteration of the 
amount in the blood is so gross that the renal threshold 
is, as it were, flooded. In acute pancreatitis one might 
find 800 to 600 units — in one case of mine 1,000 were 
present — while in less acute cases 60 to 100 units may 
be found. In very chronic conditions there may be no 
excess, but even a deficiency. In ordinary clinical 
diabetes a low value is the rule. It was at first assumed 
that this diastase was merely pancreatic amylopsin 
reabsorbed into the blood stream, and was evidence of 
some obstruction to the pancreatic ducts, though in 
that case it would not be easy to explain its presence in 
normal urine. But Gammidge, with Forsyth and 
Howard, has adduced cogent reasons for believing 
this diastase is hepatic in origin. The diastase value 
rises as more and more of an animal’s pancreas is 
excised, right up to total extirpation. As it is clearly 
impossible for a non-existent gland to produce an 
enzyme, diastase cannot come from the pancreas. 
On the other hand, hydrazine phosphate, which has a 
toxic effect on the liver but not on the pancreas, reduces 
and may completely abolish the diastase output. 
These authors conclude that diastase is the agent 
which converts glycogen into sugar, and that its action 
is controlled by the internal secretion of the pancreas. 
If such control fails there is for a time a greatly increased 
production of diastase by the liver, thon^^ this may not 
by itself produce glycosurias 
8. Signs oj Pancreatic Disinlegraiion. — Cammidge’s 
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pancreatic test would come under this head, as the 
source of the pentose in the urine is thought to be the 
pancreatic cells breaking down as the result of in- 
flammatory change. But, as already stated, most 
observers have concluded against the value of this test, 
although the presence of this pentose can certainly 
be occasionally demonstrated. 

Other evidences of pancreatic disease may be ob- 
tained from — 

4. Pressure Symptoms . — These may be referred to— 

(а) The Common Bile-Duct, producing Jaundice . — 
In new growth of the pancreas the obstruction may 
be complete, while in gall-stones it is more likely to 
be incomplete, so that stercobilin can be extracted 
from the faces by acid alcohol or amyl alcohol, even 
though they appear quite clay-coloured. The extract 
gives a band in the blue on spectroscopic examination, 
and a green fluorescence with zinc chloride and am- 
monia if there is any stercobilin present. 

(б) The Portal Vein, producing Symptoms of Portal 
Obstruction . — This is very uncommon. 

6. Nervous Symptoms, from IrriUstion of the Solar 
Plexus . — ^In acute pancreatic diseases, such as hamor- 
rhage, the pain is very severe, the patient feeling as if 
he were gripped in a vice. Vomiting, meteorism, and 
collapse follow. In subacute cases there may be 
periodic seizures of pain and vomiting, like the gastric 
crises of tabes. 

We may say that if the adrenalin eye test and the 
diastase test are negative,* it is seldom worth while to 
undertake more elaborate investigations. If there 
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ard fatty stoob mthout jatmdice, and the excess of fat 
u in the onsaponified form, it b very suggestiye of 
pancreatic dbease. If there are abo muscle nuclei in 
the stools, it strengthens the diagnosu. If all these 
symptoms are present in addition to glycosuria, the 
diagnosu u almost certain. 

Oeneral Principles ol Treatment in Panoreatio 
Disease. 

Certain considerations goyern the treatment of pan- 
creatic dueases in general, which may be ducussed 
here without describing the treatment of particular 
dueases of the organ. 

1. Dietetic Treatment . — Pancreatic juice contains fer- 
ments which are capable of acting on all foodstuffs, 
and the only one able to split fat to any extent, the 
lipolytic power of gastric juice not being of much 
practical importance. It therefore follows that when 
the pancreas u dueased, fots are badly home, for not 
only are they wasted, excess of onsaponified fat ap- 
pearing in the stoob, but by coating oyer the proteins 
they hinder their absorption and increase their putre- 
faction. Proteins are digested by pepsin, and can 
therefore be giyen so long as a form u chosen in which 
they can be acted upon rapidly in the stomach, such 
as minced meat. Certain proteins like caseihogen 
are abo digested by the erepsin of the succus m- 
tericus, and can therefore be used— 6.g., plasmon but 
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pot egg-albomen. In addition, the relatiydy large 
pmonnt of sulphur contained in eggs renders them very 
prone to putrefactive changes. Gelatin, on the other 
hand, does not contain aromatic bodies, and so is not 
so liable to these changes, and can replace proteins to 
a limited extent. 

Par the digestion of starch we have to rely upon the 
ptyalin of the saliva; and to take advantage of this, 
starchy foods should not be given in a soft form, such 
as ground rice, but in a dry, crisp form, like toast, bis* 
ouit, or rusk, which, requiring thorough mastication 
and insalivation, reaches the duodmium already largdy 
digested. Sugars like glucose can be absorbed with* 
out further digestion, while cane sugar, maltose, and 
lactose can be digested by the succus enterions. But 
their use in pancreatic diseases is, unfortunately, 
limited by the diminished sugar tolerance found in 
many pancreatic lesions. The limit of carbohydrate 
tolerance should therefore be determined in the way 
described under Diabetes. If glycosuria is already 
present, the ordinary dietetic rules for that condition 
apply. 

2. Begulation of (he Pancreatie SeereHon . — ^The acid^ 
of the gastrio juice is the great stimulant to botii 
the internal and the external secretion of the pancreas. 
Accordingly, if it is deficient, it should be reinforced by 
the administration of dilute hydrochloric acid, or better, 
16-grain tablets of betain chloride (sold as oxjmtin or 
addol), freshly dissolved in water after meals. This 
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liberatee nascent hydrochloric add slowlymthestomaoL 
On the other hand, hyperchlorhydria over-stimulates 
and finally exhausts the pancreas, thus helping to set up 
chronic pancreatitis. It should therefore be corrected 
by alkalies, including magnesia, after meals. 

8. Supply 0 / DefidefU Ferments.— Him presents diffi- 
culties. The simplest method would be to pancreatize 
the food before administration, but this is liable to 
impart a bitter, disagreeable flavour. If ferments are 
given to act when the duodenum is reached, they will 
be destroyed in the stomach unless enclosed in capsules 
capable of resisting gastric digestion, and then we can 
feel little certainty that they will be set free in the 
duodenum. Keratin-coated capsules are supposed to 
be the best. Capsules of gelatin toughened in formalin 
are apt to escape undigested even in the healthy sub- 
ject. Taka-diastase has been given before meals for 
the digestion of carbohydrates. One or more ^grain 
tablets of Fankreon with meals may be given a trial. 
Holadin is said to contain all the external and internal 
secretions of the gland. As it has been repeatedly 
demonstrated that the internal secretion of the pan- 
jsteaa cannot be absorbed by the intestinal mucosa, 
the advantage of its addition is problematical. It is 
given in capsules. Stockton states that he has been 
unable to convince himself that any such ferments pro- 
duce any improvement in the general condition of the 
patient or in the stools. He adds that many prepara- 
tions on the market are practically inert, and many 
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eombinatioDB are solf-destructive, provided they are 
made as described. 

4. Disinfection of the Pancreatic Ducts , — Two drugs 
are known to be excreted by the pancreatic ducts, as 
well as by other channels. These are helmitol and 
aspirin, both of them disinfectant in action. Routine 
employment of them in doses of 6 to 10 grains three 
times a day is therefore a rational procedure, and 
should be given a thorough trial. But perhaps the 
most efficient means of ridding the pancreatic ducts 
of infection is to drain them by a cholecystostomy, 
which, if indicated, should not be too long delayed. 

6. Diminution of Intestinal Puir^aclion, resuUing 
from Diminution or Absence of the Pancreatic Juice.— 
The dietetic factors in this have already been con- 
sidered, and the question of intestinal antiseptics is 
discussed in a later chapter. 

Any chronic disease of the pancreas, accompanied by 
insufficiency of its secretion, will call for some or all 
of these methods of treatment. 



CHAPTER V 

THE WORK OF THE UVEB 


of the liver and the meagre amount of its external 
secretion, the bile, proved a puzzle. Gradually it was 
realized that this secretion only represented a small 
-part of its activities. In several respects it shares its 
duties with the pancreas and the spleen. 

The liver and pancreas are both developed as out- 
growths of the alimentary tract, and their ducts are 
innervated in the same general way as the canal from 
which they develop. Their close co-operation is 
further shown in the way they pour their secretions into 
the alimentary tract at the same point, in their com- 
plementary rdles in the utilization of fat and in carbo- 
hydrate metabolism, as well as by the ciroulatory 
conditions which insure that any internal secretion 
from the pancreas shall pass straight to the liver. 
Situated on the path by which all the blood from the 
digestive organs enters the systemic circulation, it is 
not surprising to find that the liver helps to prepare 
all three foodstuffs for utilization by the tissues. The 
bile it forms is at once an excretion and a secretion. 
But further, the liver is an important agent in detoxica- 
tion and in maintaining the constant composition of 
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the blood. Just as on the metabolic side it oo-operates 
/with the pancreas, so on the hemolytic side it co- 
operates with the spleen. 

Of late a number of tests have been designed to 
estimate the functional efficiency of the liver. The 
earlier and simpler attempts failed because its great' 
xcaecva 'wea 'un\> xesXviAdL. 

lungs, and the kidneys, the liver does not normally 
exert its full activity, and so does not reveal its failure 
of function to ordinary tests until this has fallen to so 
low a limit that grave hepatic damage is no longer in 
doubt, and the time for successful treatment is past. 
Moreover, not only most the power of the liver to 
undergo compensatory hyperplasia be remembered, 
but its various functions not being equally inhibited 
by disease, it is necessary to apply tests covering 
different fields of hepatic activity. 

In the first place I shall consider the action of the 
liver in preparing the three foodstuffs for the tissues, 
and the tests related to each. 

The Work of the Liver in Oeneral Metabolism. 

1. Protein.— It has been clearly recognized for somef 
years that the protein molecule is broken down into its 
ultimate amino-acids before absorption, and that these 
end-products are less toxic than the intermediate 
proteoses and polypeptides from which they arise. 
Further, as there is a chemical specificity of tissues, 

' by no means all of such end-products are capable of 
bAing utilized for tissue repair at the time of their 
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entering the blood-stream. Those which cannot be 
need at once by the tissues are turned into urea and 
other excretory products. Indeed, the method of 
maintaining the nutrition of the bodyis as far as possible 
the same on an ample protein diet as in starvation. 
In both, amino-acids are used to make deficiencies 
good, though in starvation they are obtained by 
pooling the autolytio products obtained, as it were, 
by levying a tax on all the cells of the body. From 
this pool individual organs are allowed to draw, accord- 
ing to their functional importance to the body. But 
even in the well-fed body the excess of protein food 
above what is required for tissue repair is not stored 
but excreted. Naturally, therefore, much more nitro- 
gen is excreted by the well-fed than by the starving 
body, any storage being provided from non-nitrogenous 
sources. 

It would appear that each amino-acid has its own 
method of breakdown, and very probably its own 
ferment for achieving that purpose. This has been 
brought out clearly by Garrod in bis study of the inborn 
errors of metabolism. He says: 

‘ If any one step in the process fail, the intermediate 
product in being at the point of arrest will escape 
further change, just as when the film of the biograph 
is brought to a standstill the moving figures are left, 
fofit in air.’ 

Now it happens that most of such inborn errors as 
alkaptonuria, pentosuria, and cystinuria are incon- 
venient rather than serious. *They are also rare, and 
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although their atadj has established points of great 
theoretical importance as to protein breakdomi, they 
do not throw light on the estimation of hepatic effi- 
ciency. The ferments involved are evidently very 
resistant normally, since these snbstances do not 
appear in extensive degenerations of the liver, although 
porphyrinuria, which is sometimes an inborn error, 
may also occur in hepatic disease. The detection of 
lencin and tyrosin in the urine was thought at one time 
to be evidence of failure of the liver to turn them into 
urea, but they are now regarded merely as signs of 
hepatic disintegration. Though most prominent in 
acute yellow atrophy, they may be found in other 
diseases. Thus 1 saw them in a case of cirrhosis, 
where a severe hematemesis had been followed by coma 
for forty-eight hours, yet ultimately recovery took place. 
But it must be admitted that nothing has been found 
clinically to correspond to the experimental results 
obtained by Eck’s fistula, even, for instance, after the 
Talma-Morrison operation. 

It will be remembered that Eck made a fistula 
between the portal and hepatic veins in dogs, so that 
food entering the blood-stream after absorption from 
the bowel could pass into the general circulation 
without passing through the liver. He found that toxic 
symptoms resulted, especially after protein foods. 
The dogs, indeed, learned this for themselves and 
avoided animal flesh if they could obtain other foods. 
The liver also appears to destroy purin bodies, ulti- 
mately oxidizing them to urea. 
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The nitrogen partition test aims at determining 
any loss of the dis-aminating and area-forming func- 
tions of the liver by comparing the ratio between the 
output of urea and other nitrogenous substances. 
A priori one would expect to find that in failure of 
hepatic efficiency the urea excretion would fall, while 
the excretion of the precursors of urea such as ammonia 
and amino-addB would rise. But in practice we are 
met with the following difficulties: (1) Quite a small 
proportion of the total liver substance is adequate to 
make the normal amount of urea. (2) As so much 
of the urea comes direct from the food, the total amount 
excreted varies with the diet. On a liberal protein 
diet the urea forms about 86 per cent, of the total 
nitrogen, while in the healthy fasting individual it 
forms a much smaller proportion. This variation 
seriously affects nitrogen partition, without implying 
any disease. (8) An absolute increase in ammonia 
formation may be, and usually is, simply a protective 
step against acidosis, and is not evidence of a failure 
of urea formation. (4) Variations in the 'kidney 
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(|thenri8e, implies a fulnre of renal function in preg- 
nancy. This adds to the difficulty in applying nitrogen 
partition testa to the hepatic toxemias of this condition. 

2. Garbohydrales. — All sugars are absorbed as mono- 
saccharides. Although they can be rapidly stored in 
the liver and muscles as glycogen, the absorption from 
the alimentary tract of any such sugar, with the im- 
portant exception of Isvulose, leads to a rise of blood- 
sugar from the fasting level of 0*1 per cent, to something 
like 0*16 percent., falling again in about one and a half 
hours. This would imply that levulose, although 
its limit of tolerance tends to be rather lower than that 
of dextrose, can within that limit be stored as rapidly 
as it can enter the blood-stream. Years ago H. Strauss 
regarded a diminished tolerance for lesvulose as evidence 
of impaired hepatic function, but this did not afford 
a satisfactory basis for a test. It is not sensitive 
enough, and the kidney threshold for the excretion of 
sugars is not a constant. Maclean and de Wesselow, 
having determined that Isvulose when given by the 
mouth in doses of from 80 to 60 grammes does not raise 
the blood-sugar in healthy subjects with an intact liver, 
went on to show that when the liver is defective it is 
not able to store Isvulose fast enough to prevent it 
from entering the blood-stream, and thus increasing 
the blood-sugar proportionately to the hepatic defect. 
This is the basis of the modem Isvulose test, which 
seems to me one of the best we have for hepatic effi- 
denoy. According to Spence, it shows that so-called 
catarrhal jaundice canndt be due to mere ascending 



180 PHYSIOLOGICAL PRINCIPLES 


catarrh of the main bile-ducts, but must involve some 
hepatitis, since administration of Isvulose raises blood- 
sugar in this disease even before the onset of jaundice. 
It has enabled several observers to show a similar 
change in salvarsan poisoning, while Mackenzie Wallis 
has found that in every case where a course of such an 
arsenical preparation has been given, some degree of 
hepatic inefficiency exists for at least three months. 
Clearly a second course should not be given within this 
interval; while, if leevulose causes a rise of blood-sugar of 
0*06 per cent, above the fasting level, careful treatment 
is required, however slight the other clinical manifesta- 
tions may be. In pure obstructive jaundice this rise 
of blood-sugar does not occur, or is very slight. As 
further evidence that catarrhal jaundice may involve 
a toxic hepatitis 1 should like to refer to a group of 
oases I saw in 1922, where, in addition to a large and 
tender liver, with jaundice, there was cyanosis, air 
hunger, and almost complete suppression of urine, 
followed by intense albuminuria, sometimes with 
hsematuria and oasts. Yet the patients made a good 
recovery, and soon became free from albumin. Some- 
times they showed an increased diastase output, which 
might be held to prove pancreatic involvement as well. 

The diastatio function of the liver has already been 
referred to in connection with the pancreas. So far, 
however, though gross increase in diastase output 
certainly suggests pancreatic insufficiency, a defect of 
diastase in the blood has not helped much as evidence 
of hepatic insufficiency. Harrison and Lawrence 
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i|oiind m twenty oases of hepatic disease that the blood 
diastase was low in three severe oases. In two this 
lose again as the olinioal condition improved. Certainly 
defective output in the urine could not provide such 
evidence because of the behaviour of the threshold 
of the kidney. 

One thing appears clear about the glycogenic function 
of the liver: in the presence of an ample supply of 
glycogen the metabolism of the liver proceeds more 
smoothly. It was first stated that it was the antitoxic 
power of the liver which chiefly was affected by the 
glycogen store. But it seems more far-reaching than 
this, though it is certainly true that a liver is less liable 
to post-ancBsthetio poisoning if it is well supplied with 
carbohydrate, while starvation, which would deplete 
the glycogen store, increases the liability to this catas- 
trophe. And Colonel Harrison, at Maclean’s sugges- 
tion, has found giving sugar, usually dextrose, of 
material benefit in preventing toxic jaundice after 
salvarsan. In a group of patients receiving sugar 
before injection there were only two or three cases, 
while in another group not receiving sugar there were 
nearly fifty cases of toxic jaundice. Glycogen, whether 
formed from dextrose or levulose, appears to be the 
same— and it can be readily drawn upon by the blood 
and tissues, being converted into dextrose in order to 
supply sugar to the latter. This glycogenic function 
appears to be controlled by a reversible ferment, which 
can make and unmake glycogen in accordance with the 
body's needs. 


11 
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8. Fats . — Fat in the liver may be obvione as the 
result of sepsis, bronobo-pnenmonia, phthisis, rickets, 
profound ansemias, and pouons, such as phosphorus, 
chloroform, and trinitrotoluene. But the amount of 
obvious fat is not an accurate criterion of the total 
fat in an organ. Combined fat in the heart, kidneys, 
or liver will not react to stains such as osmic acid or 
Sudan red, or even yield to fatty solvents, while when 
it is set free by degenerative processes, it will do so 
readily. Again Bosenfeld showed that * fatty infiltra^ 
tion ' of the liver may really be due to transference from 
other parts. The condition may fairly be called one 
of ' fatty congestion.' 

Loathes has shown that the fat normally present in 
the liver is in the more active unsaturated form, but 
that the fatty deposit which occurs there in poisoning 
by phosphorus or tetrachlorethane or after ansssthetics 
is in the more inert, saturated form. He makes out a 
good case for regarding as a function of the liver the 
conversion of saturated fat into the more active nn- 
saturated form for utilization by the tissues. When the 
liver is thrown out of gear by various toxins the tissues, 
starving for prepared fats, send unprepared fats to 
the liver, but in vain, for it is unable to deal with them. 
The liver may be compared to a miller — the saturated 
fats are the wheat he grinds, and the unsaturated fats 
are the flour that results. 

Foulerton pointed out that chloroform, ether, and 
tetrachlorethane are solvents of fat, while phosphorus, 
dinitrobenzol, and trinitrotbluene are readily soluble 
in fats, so that the destructive effects of these poisons 
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on the liver may be due to their being conveyed with 
the fats to the liver in the attempt to carry out this 
process. In some cases, such as phosphoros or post- 
anesthetic poisoning, this carriage of fats may lead to a 
gross increase in the size of the liver, but we require 
a much more sensitive test than this. Whipple devised 
ihe lipase test to this end. Normally blood contains 
a small constant amount of fat-splitting ferment, but in 
diseases of the liver this lipase is increased, as measured 
by the power of the blood to split ethyl butyrate. It 
has been supposed, therefore, that normally the liver 
inhibits the formation of lipase, so that its increase 
in the blood is a measure of hepatic damage. Whipple 
has applied this to chloroform poisoning, and Mackenzie 
Wallis to salvarsan poisoning. The damage has, how- • 
ever, to be rather gross before the lipase increase is 
enough to be relied upon. 

The latter observer has further reported that in toxic 
jaundice due to salvarsan poisoning the cholesterol 
in the blood is diminished, while in this condition and 
in phosphorus poisoning the liver is found loaded 
with cholesterol esters post mortem. This suggests 
that the liver normally plays the same part both in 
cholesterol and fat metabolism. It may be, however, 
that the cholesterol is merely on its way to be excreted 
in the bile, but the diseased liver cannot accomplish 
this. Its presence in the kidney under similar con- 
ditions may be an attempt at an alternative channel 
of excretion. In the toxssmia of pregnancy, including 
a case of icterus gravis; this cholesterol disturbance 
was not found. 
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Tlw Antitoxlo FonotlaiB of ihe Uver. 

At the risk of anticipating what is dealt with under 
intestinal intoxications, we may say that apart from 
the reactions against bacterial poisons the antitoxic 
processes of the body are few and simple — such as 
oxidation, reduction, hydration, dehydration, and 
methylation. The protective substances are few, and 
the process of rendering a poison harmless by con- 
jugating it with a protective substance is most often 
carried out by the liver. Thus the toxic indol is con- 
jugated with sulphuric acid into a harmless ethereal 
sulphate, indican. Although we regard marked indi- 
canuria as evidence of intestinal toxesmia, we most 
remember that we are testing for that part of the indol 
which has been rendered innocuous. A more accurate 
method is to estimate the ratio between ethereal and 
total sulphates; the larger fraction the former consti- 
tutes of the latter the nearer are we to the limit of the 
antitoxic power of the liver. But if the liver cells are 
diseased such conjugation cannot occur, so that toxic 
substances like indol, skatol, and phenol can pass 
direct into the blood, even though the urinary output 
of ethereal sulphate is low. There does not appear 
to be any simple test for recognizing this. 

Olycnronic acid is another important protective 
substance, and the formation of harmless glycuronates 
after administration of camphor, morphine, and the 
like is a function of the liver. It is claimed that 
7} grains of camphor given'^by the mouth should be 
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completely conjugated with glycuronio add and 
recognized by ita redudng action in the urine, but if the 
liver is diseased no such gfyouronic acid is formed. A 
simpler test is that introduced by Boch. He gives half 
a grain of sodium salicylate an hour before food. This 
should be turned into a glycuronate, which would not 
yield a purple colour with 1 per cent, ferric chloride 
solution. If the urine excreted for the four hours 
after a meal does give this colour, hepatic insuffidency 
is present. 

The hcmoclasic crisis may also be regarded as due 
to a fmlure of the antitoxic power of the liver. As 
C. M. Wilson expresses it, under this rather forbidding 
name is concealed a test disarming in its simplicity. 
Widal maintained that when the liver was diseased the 
normal post-prandial leucooytosis was replaced by a 
leucopenia, which was accompanied by a fall of blood- 
pressure. This was believed to be due to the hepatic 
failure permitting the entrance of incompletely digested 
proteins into the systemic drculation. It recalls the 
anaphylactic reaction to material unsuitable for 
assimilation. Before breakfast a white count is taken, 
then 7 oz. of milk are drunk, and another count taken 
twenty minutes later. Wilson concludes that, with the 
possible exception of the levulose tolerance test, this 
is the only test which gives an early warning of hepatic 
insufficiency. 

The functions of the liver with regard to maintaining 
the coagulability of the blood are not yet suffidently 
understood to discuss th%ir clinical application. 
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The Secretion and Fonotions ol Bfle. 

Bile is partly an excretion which is going on con* 
tmnally, partly a digestive fluid, which is only required 
during digestion. The gall-bladder allows a discon- 
tinuity of entry into the bowel of a fluid which is being 
continuously formed. Furthemore, the gall-bladder, 
by adding cholesterol and mucin to the bile while 
absorbing water, alters its composition, making it 
more concentrated and viscid. Therefore, the longer 
bile remains in the gall-bladder the thicker it becomes, 
while with complete obstruction to the cystic duct the 
bile entering the intestine is unusually dilute. The 
bile pigments bilirubin and biliverdin are purely excre- 
tory, and their origin will be considered later. Bile 
also contains lecithin (a complex pbosphorized fat) and, 
as stated above, cholesterol, which is a monatomic 
alcohol, with mucin, as well as inorganic salts, which 
render it alkaline. But the important secretory * 
constituents of bile are the bile salts. These are 
sodium taurocholate and sodium glycocholate. The 
cholalic acid is secreted by the liver cells, and it is not 
found when the liver is excluded from the circulation. 

It is conjugated with taurin and glycin. Glyoin is 
amino-acetic acid, while taurin is a sulphur contain- 
ing body derived from cystin. If cholalic add is given 
it produces a considerable increase of bile acids in the 
bile, but as this does not follow the administration of 
taurin it would appear that under normal conditions 
of health and diet there is always an excess of taurin 



SECRETION AND EUNOnONS OF BtU! 167 

: present, and that the output of bile acids depends on 
the amount of oholalio acid available. Nonnallj the 
outflow of bile is strictly parallel with the pancreatic 
secretion, though smaller in volume, the total amount 
secreted in the day averaging 80 ounces. The outflow 
of bile into the intestine depends upon — 

1. The Bate of Secrition . — Secretin wiU double the 
secretion of bile, thus illustrating the co-operation of the 
liver with the pancreas. The absorption of bile salts 
also increases secretion, while salicylate of soda pro- 
motes a flow of dilate bile. 

2. Diet . — ^Protein has the most effect, fat next, while 
carbohydrate has the least influence. 

8. The Activity of Qie Musctdar Watte of ttie Adjacent 
Passagee. — The gall-bladder shows rhythmical con- 
tractions, resembling peristalsis in being independent 
of the central nervous system. When peristalsis is 
increased in the bowel these contractions of the gall- 
bladder are increased. Thus it comes about that most 
so-called cholagogues, such as calomel, are merely 
indirect in their action. They do not increase the 
secretion of bile, they merely help to empty the gall- 
bladder by increasing peristalsis. 

4. The Influence of Extrinsic Nerves . — As with the 
bowel and other hollow viscera the sympathetic relaxes 
the body of the gall- bladder white closing the sphincters 
at the neck of the gall-bladder and at the point of 
• entrance into the bowel. Hence the effect of reflex 
irritation— e.g., in the appendix, in holding up the 
output of bile. The stimulation of the vagus, on the 
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other hand, probably leads to oontraotion of the gall- 
bladder. 

6. ThePressure of Adjacent Organs. — The movements 
of the diaphragm help to express the contents of the 
gall-bladder. Hence the inflnence of tight lacing in 
prodncing stagnation of bile. But even without this, 
the fact that women use their diaphragm less than men 
renders them more liable to this condition. 

The Actions of BUe — may be classified thus. 

1. On Digestion. — Beyond the precipitation of acid 
ftlbnmin hy neutralizing the gastric juice, bile does not 
appear to have much action on proteins, though 
Favloff believes it assists trypsin. It certainly accel- 
erates the action of amylopsin in digesting starches. 
The activity of pancreatic juice in splitting fats is 
trebled by the addition of fat whether boiled or un- 
boiled. This is due to (a) (he hUe saUs which lower 
surface tension and thus permit of closer contact 
between watery and oily fluids, (b) chohsterol and 
lecithin which help to dissolve fatty adds and soaps, 
including even the otherwise insoluble caldum and 
magnesium soaps. Even in acid media this action 
continues because bile acids dissolve fatty adds. 

2. On Absorption. — ^Here again it is the low ering of 
surface tension by the bile salts which promotes the 
absorption of fats. 

S. On Peristalsis. — Bile salts appear to iner e gs e the 
movements of the intestinal musdes and of the musdes 
of the villL They are therefore natural laxatives. 

4 On Putref active Pmeessesi — Though bile odds are 
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antueptie, bile Baits are noi They merely diminish 
patrebotion by promoting absorption. 

It should be noted that only traces of bile salts are 
present in feces. They are absorbed by the villi, 
presumably with the fats, and conveyed to the liver 
where they are used over again. This is known as 
BchifTs biliary cycle. Gopeman showed that when a 
biliary fistula permits the escape of bile on to the 
Borface of the body, so that this cycle cannot occur, the 
amount of bile salts in the bile soon falls to on^tenth 
of its former figure. 

If bile fails to enter the bowel, the ill effects are 
principally due to the absence of bile salts. As they 
help in the emulsification and absorption of fats which 
have been previously split into fatty acid and glycerin 
by the pancreatic juice, the steatorrhosa which follows 
biliary obstruction is due to the increase of soaps and 
fatty acids in the stools, while in failure of the pancreatic 
secretion it will be the unsplit or neutral fat that will 
be In excess. Interference with absorption of proteins 
will lead to increased intestinal putrefaction with a 
consequent increase in the indican of the urine. The 
absence of bile pigment from the stools causes the 
fftmilinr clay colour, but as the excess of fat may mask 
the presence of a small amount of bile we must not 
conclude from thin colour alone that no bile is entering 
the intestine. Extraction of such ftsces with acid 
alcohol or amyl alcohol may still show the presence of 
urobilin by ^he band in the blue of the spectrum or by 
green fluorescence on the^addition of zinc chloride and 
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ammonia. This would indicate incomplete obstruction, 
snob as is osnal with gall-stones, while the entire 
absence of urobilin is suggestive of the more complete 
obstruction produced by new growth of the head of 
the pancreas. The presence of obvious bile pigment 
in the stools in a case of jaundice is, of course, against 
its being of obstructive origin. 

Apart from hepatic colic the presence of gall-stones 
may disturb digestion in several ways, as may chole- 
cystitis. Flatulent dyspepsia is the rule. H. E. 
Griffiths confirmed the general clinical impression that 
gaU-stones produce reflex hyperchlorhydria by finding 
this in 90 per cent, of the test meals on his oases. If 
this was not accompanied by regurgitation into the 
stomach there was usually X-ray evidence of marked 
pylorospasm. He attributes this regurgitation to the 
unregulated fiow of bile into the duodenum which 
follows such diseases of the gall-bladder as render it 
incapable of acting as a reservoir. A rise in the alka- 
linity of the duodenum at inappropriate times would 
relax the pyloric sphincter. This would occur when 
the cystic duct is occluded, or where the muscle of the 
gall-bladder has been replaced by fibrous tissue as the 
result of prolonged disease, but would not follow 
complete obstruction of the bile-duct, which would 
diminish the alkalinity of the duodenal contents. 
If it agrees with the other findings we may consider 
hyperchlorhydria to be the rule with disease of the 
gall-bladder and bile-ducts, while if there is regurgita- 
tion as well there is probably ehronic disease of the gall- 



SECRETION AND FUNCTIONS OF BILE 171 

'i 

bladder itself. Additional interest has been aroused 
in this part of the snbjeot by the claim that if 1 to 4 
drachms of magnesium sulphate in concentrated 
solution be introduced into the duodenum by the 
Einhom tube a sharp flow of bile is excreted by reflex 
contraction of the gall-bladder. This can be removed 
from the duodenum for examination. This claim has 
been disputed, and it is clear that if there is complete 
obstruction of the bile- ducts the method is not applic- 
able. But that it is occasionally of service is shown by 
a case in which I diagnosed inflammation of the gall 
bladder as the cause of dyspepsia. By this method 
purulent fluid was obtained, and at operation empyema 
of the gall-bladder was found. Lyon has extended 
the method by collecting three samples of bile by the 
duodenal tube. The first sample should be of trans- 
parent, yellow-golden colour from the common duct, 
the second darker and more viscid from the gall-bladder, 
and the third much thinner and lighter in colour from 
the hepatic and intrahepatic ducts. By examination 
of these he claims that infection and inflammation of 
the various parts of the biliary system may be located. 

I recently had an interrating case in which Mr. 
Griffiths obtained pus in the second sample by this 
method, and I afterwards treated on the plan I generally 
employ for cholecystitis. For five days a mixture is 
given three times a day containing 10 minims of tincture 
of belladonna to dilate the bile passages and 10 grains 
of salicylate of soda to dilute the bile, together with 
some bicarbonate of sodb and infusion of gentian. 
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Antiphloguiine u applied hot over the gall-bladder 
during this time, while the patient is directed to drink 
water • freely so as to help the flow of bile. Then some 
compound of hexamine, such as helmitol 10 grains 
twice or thrice a day, or a tablet of Felamine (which 
is a compound of cholaUc acid and hexamine) is given 
with a glass of water. While it is doubtful whether 
hexamine itself can liberate active formaldehyde in the 
alkaline medium of the gall-bladder, the claim that 
these substances can appears to be justified. For 1 
saw a case of a typhoid carrier (who had a gaU-stonCi 
as such patients usually have), treated by hdmitol 
after operation; for two hours after each dose the bile 
escaping by the fistula was colourless. Now reduced 
bile is almost colourless, and formaldehyde is a reducing 
agent. The patient who yielded pus from the gall- 
bladder by Einhom’s tube improved greatly under the 
belladonna and salicylate treatment and became free 
from symptoms, but still draired operation, as she was 
a stewardness on a liner and feared the risks of an 
acute attack while at sea. Mr. Harold Wilson ac- 
cordingly operated, but found the gall-bladder normal. 
The evidence of the effectiveness of the treatment, at 
any rate in this case, appears to be complete. 

The dietetic principles underlying treatment are that 
meat extracts, purins, and condiments, help to produce 
hyperchlorhydria; soft carbohydrates and green 
vegetables promote flatulence. The fats, while dimin- 
ishing the secretion of acid in the gastric juice, depend 
on bile for their absorption, and if not absorbed they 
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Increase intestinal putrefaction by coating over ihe 
proteins; moreover, their influence in producing obesity 
l^ust not be forgotten. The practical deductions from 
these considerations are: (1) White fish, eggs, cheese, 
mutton and chicken may be allowed, while soups, 
broths, liver, kidney, sweetbreads, and rump-steak 
should ■ be forbidden until the hyperchlorhydria is 
checked. (2) Dry forms of carbohydrate, such as 
biscuits, rusk and toast are preferable to bread, ground- 
rice puddings and the like, because they demand 
thorough mastication before they can be swallowed, 
and therefore undergo a considerable degree of diges- 
tion by the saliva. (S) Sweets can be selected from 
jelly, egg custard, omelette, junket and stewed fruit. 
(4) At first vegetables had better be barred altogether, 
for, though cellulose is an aid to peristalsis, it promotes 
flatulence. As the patient’s intestinal condition im- 
proves, this role may be gradually relaxed. (6) Fats, 
in the form of butter, cream, or fat meat, should only 
be allowed in small amounts for the reason given above. 

It is important that water should be drunk freely 
to prevent inspissation of the bile. Patients do not 
care to be told to drink water from the tap, preferring, 
as of old, the waters of Abana and Fharpar. It is well, 
therefore, to select a spring which is mildly aperient, 
slightly alkaline, and not too highly mineralized, such 
as Bosbach, Apollinaris, St. Galmier, Vittel (source 
sal4e) or Evian. The sulphur waters of Harrogate 
are recommended by some. Salutaris water has the 
advantage of not being mfheralized at aU. 
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Ysnndloe. 

Jaundice is the classical example of a striking symp- 
tom of varying significance. Recent work has thrown 
new light on this. As with diabetes and nephritis, 
the centre of interest has shifted from the urine to the 
blood. 

Slightly modifying McNee’s conception of the strac- 
ture of the liver, we may compare each lobule to a series 
of radiating tubular glands, shaped like test-tubes 
with the closed ends pointing to the centre of the 
lobule. The test-tube is lined with polygonal cells 
and its lumen represents the bile capillary. These 
test-tubes are packed in saw-dust, which represents 
large endothelial Eupffer cells lining the wide capillaries 
of the portal vein. The polygonal glandular cells are 
not concerned with the manufacture of bile pigments, 
but merely transfer it from these vascular capillaries 
to the bile capillaries, modifying it in the process. 

The Kupffer cells are a part of a much more widely 
distributed * reticulo-endothelial ' system, which is 
also found in the spleen, bone marrow, lymphatic 
glands, interstitial cells of the testes, reticular cells of 
the thymus and capillary endothelium of the adrenals. 
This system appears to be concerned in the metabolism 
of htemoglobin and of fats, especially the lipoids. In 
excessive blood destruction its cells take up both 
intact and broken-down red corpuscles, as well as free 
hemoglobin by phagoc^osis. The iron containing 
part of the heemoglobin moldbule is broken off as hasmo- 
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nderin, which con be demonstrated by the Prussian 
blue reaction, while the hematoporphyrin becomes 
altered to form bile pigment. In health this work is 
largely done by the spleen, but when blood destruction 
is excessive other parts of this system may help. Now 
Van den Bergh has applied Ehrlich’s diazo reaction 
to the detection of bile pigments in the blood serum, 
and has found that bilirubin may be present there in 
two different forms; while biliverdin does not give this 
reaction at all. Some sera would give a colour reaction 
at once — ihe immediaie direct reaction; others would 
give only a delayed reaction, or no reaction until after 
precipitation with alcohol — the indirect reaction. Others 
again, as shown by Feigl and Quemer, give a slight 
reaction at once, deepening later, or on the addition of 
alcohol — ^the Uphasic reaction. It is found that bile 
from the gall-bladder, which has, of course, passed 
through the liver, always gives an immediate direct 
reaction, while bilirubin obtained from old hemorrhagic 
effusions (which has been formed apart from the 
liver cells) gives a delayed or indirect reaction. The 
suggestion is that the work of the liver is to give the 
final touch to the manufacture of bilirubin, probably 
breaking it off from some other constituent of the 
serum, and that it is only in this final form it can give 
the direct reaction. In its combined form it can only 
give a delayed or indirect reaction. When both forms 
are present the reaction is biphasic. Jaundice might 
therefore arise in several different ways, and we may 
adopt McNee's dassificafion. 
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1. Obttruetke Hepatic Jaundice, — ^Here the bile has 
been dnij passed into the bile capillaries, but is ob- 
stmoted in its outflow, and is therefore reabsorbed into 
the blood'Stream. Van den Bergh’s test will give the 
inunediate direct reaction. Moreover, such bilirubin 
being in its final state can be oxidized into biliverdin 
more easily than the other variety. This is the con* 
dition found in the jaundice of gall-stones and new 
growth of the head of the pancreas, for instance. 
Van den Bergh adopted as his unit the presence of one 
part of bilirubin in 200,000 parts of serum. In this 
type of jaundice 60 units may be found. In gall-stones 
without jaundice the bile content of the serum is 
normal. 

2. Toxic and Injectioe Jaundice. — Here the polygonal 
cells being diseased, some of the bilirubin from the 
Eupffer cells is unable to enter them, and therefore 
passes direct into the blood-stream. The blood serum 
will, therefore, yield at first an indirect reaction, 
but as disintegration of the cells proceeds the bile 
V^pillaries become obstructed also and the reaction 
b^mes biphasic, the direct portion of the reaction 
becoming intenser as obstruction becomes more marked. 
Such yaundice occurs — 

(a) A:;s a complication, of acute fevers, such as pneu- 
monia, typhoid, and spirochsetal jaundice. 

(b) After ^certain drugs, such as chloroform, phos- 
phorus, and Bt&l^ersan. 

(e) After daifpego of an unknown kind— acute and 
subacute yellow attropby. 
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(J) After manj general conditions of infection and 
toznmia. Here the jaondice does not appear to be 
merely due to catarrh of the smaller bile-dnots as was 
formerly thought, for a series of changes in the liver 
cells can be demonstrated, ranging from simple cloudy 
swelling (as in pneumonia), through fatty degeneration 
(as in chloroform poisoning), partial necrosis, and dis* 
location of the liver cells (as in spirochsotal jaundice), 
to almost complete necrosis (acute yellow atrophy). 
In salvarson poisoning any one of those stages may be 
met with. 

8. Hemolytic Jaundice . — When blood destruction 
is excessive more bile pigment is formed than the 
polygonal cells can deal with; some will be excreted 
normally, while the rest goes into the blood in the 
combined form. The serum will, therefore, only 
yield the indirect reaction, and bile pigment will usually 
be absent from the urine, while constantly present in 
the fsBces. 

That blood pigment can be turned into bile pigment 
without the aid of the liver was shown by Virchow. 
The hnmatoidin of old blood clots is clinically identical 
with bilirubin in its combined form, yielding the in- 
direct reaction, as we now know. The experiments 
on geese which were formerly held to prove the contrary . 
were done in ignorance of the fact, that what corre- 
sponds to the spleen in higher animals is largely enclosed 
within the liver of birds. McNee suggests that hsmo* 
lytic jaundice depends on blood destruction in excess 
of normal, whereby the cdlls of the reticnlo-endothelial 

18 
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Bysfem, especiallj in the spleen, are thrown into in* 
creased activity, which may result in or be actually 
dependent on an increase in the size of the spleen. The 
blood semm comes to contain a greatly increased 
amount of bilirubin of the same type as that arising 
from the physiological destruction of effete red cor* 
puBcles in health. 

This conception would explain much which has been 
hitherto obscure. It has been recognized that ' splenic 
anssmia’ is a consequence of several different con- 
ditions producing splenic enlargement, and that it is 
often relieved by splenectomy. On removal the spleen 
may be found to be the seat of tuberculosis or endo* 
thelioma, among other conditions. Apparently we 
may now conclude that any disease of the spleen 
stimulating the formation or activity of the reticulo- 
endothelial cells sufficiently may produce splemc 
amemia. It would also explain why splenic aneemia 
may go on to Banti’s disease, in which cirrhosis of the 
liver and jaundice supervene, since the Kupffer cells 
of the liver are structurally and functionally an ex- 
tension of the reticulo-endothelial system of the spleen. 
It explains why the spleen may enlarge in the crises 
of pernicious anemia and throws light on the occasional 
jaundice (without necessarily biliuria) in that disease. 

VandenBergh has also shown that in some apparently 
healthy sallow individuals the bilirubin in the semm 
may reach nearly three units. Since the threshold 
for its excretion in the urine is 4 units such individuals 
l^ow 90 bile ip the mine; " ^l^e pop^itfop Ipts beep 
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called 'simple familial cholnmia’; usually the spleen 
is not enlarged nor the fragility of the red corpuscles 
increased. There would appear, however, to be all 
stages between this and the condition known as acho* 
luric family jaundice. Here the patient may be bom 
jaundiced or become so soon after birth. The jaundice 
persists with little or no variation for many years, but 
bile pigment is present in the stools as in health, while 
it is absent from the urine, in which any darkening 
present is due to excess of urobilin. Nevertheless, 
bile pigment, giving the indirect reaction, is present in 
the serum. The spleen is always enlarged. There is 
considerable ansemia with a low colour index, poikilo- 
cytosis, nucleated red cells and reduction in the number 
of leucocytes. Yet the patient has good or fair health, 
and shows a normal resistance to intercurrent diseases. 
This condition tends to appear in more tlaan one member 
of the family and in successive generations. Some 
of the patients are liable to attack during which the 
colour deepens, when pain may be experienced over 
the spleen or liver, or both, and there may be slight 
pyrexia. Alcohol and syphilis do not appear to play 
any part in the stiology. Enlarged abdominal veins, 
ascites, oedema of the legs and heematemesis have never 
been recorded, and the liver does not appear to be 
cirrhotic, although it is sometimes fatty. 

Attacks of hsemoglobinuria have been noted in this 
condition, which' could be produced by exposure to 
cold, and in this connection it is interesting to note 
that in one family a cold bath would intensify the 
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jatmdioe. All this points to hflamolysis as a cause of 
the jaundice. The serum from a patient agglutinates 
normal red corpuscles, but not his o^ red corpuscles 
or those from another individual suffering from the 
same disease. The most striking pathological feature 
of the condition is the undue fragility of the red 
corpuscles, for they are hsDmolyzed by a dilute salt 
solution which has no effect on ordinary corpuscles. 
We may conclude that in acholuric family jaundice 
there is a chronic hemolysis of unduly fragile corpuscles 
as a primary event, but that the threshold for the 
excretion of bile is not reached, while the enlargement 
of the spleen and liver is secondary, to deal with the 
increased hemolysis. What the cause of this undue 
fragility may be is still unknown. 

Latent Jaundice is a term applied to conditions 
where the bilirubin content of the serum does not 
reach 4 units, so that the usual symptoms are missing. 
The hemolytic type of this is seen in pernicious anemia, 
anemias due to worms, and in all the newly bom. 
Its occurrence is of prognostic value when salvarsan 
is being given, as it is evidence of the approach of poison* 
ing by the drug. An obstructive type of latent jaun* 
dice occurs in cirrhosis. In this connection it is 
interesting to note that in the ordinary jaundice so 
common in the new-born (icterus neonatorum), the 
blood serum gives an indirect Van den Bergh’s reaction, 
so that it is hemolytic in origin. Before birth the 
foetus has a polycythemia reaching about millions 
per amm. On the seoond*day after birth this excess 
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hM disappeared, and probably there will not be more 
then 4^ millions. In a sense this polytythesmia may 
be regarded as a protection against the risk of loss of 
blood at birtL Once this has passed, hemolysis 
occurs, and obvious hemolytic jaundice may follow. 
The fact that latent jaundice is constant after birth 
supports this view. Severe jaundice in the new-born 
is generally due to suppurative pylephlebitis from 
septic infection through the umbilical cord or to 
congenital syphilis. Barely it results from congenital 
atresia of the bile- ducts. 

Dissociated Jaundice has been described by French 
observers — the bile pigments going one way, the bile 
salts another. But as they did not take the condition 
of the blood into account, judgment must be reserved 
on this. There may, indeed, be renal dissociation in 
obstructive jaundice, both pigments and salts being 
found in the blood, while only bile salts are filtered out 
by the kidney. I saw a case of catarrhal jaundice, 
in which bile salts appeared in the urine before, the 
pigment, and it is stated that this is common in the 
later stages of the condition. In my experience of 
jaundice as a whole the converse condition is com- 
moner-^.e., for bile pigment to be present in and bile 
salts to be absent from the urine. 

The effects of the failure of bile to enter the bowel 
have already been considered. We may now tom to 
the other effects on the body of the alteration in the 
course of the bile. 

The Drine . — ^The besf test for bile pigments is 



182 PHYSIOLOGICAL PRINCIPLES 

: , 
Gmelin's: the play of colours obtained by sacoessiTe 

stages of oxidation with faming nitric acid, green being 
the most important tint to look for. Bosenbach’s 
modification of Hipping filter paper into the urine and 
then placing a drop of nitric acid on the paper is the 
easiest way of performing the test. The green colour 
given on pouring tincture of iodine on to the surface 
of the urine is not so sensitive a test, and usually 
succeeds when the jaundice is obvious. Huppert’s 
test enables us to extract bile pigment from a urine 
containing other pigments. Ammonia and calcium 
chloride are added to urine, and the precipitate which 
forms is collected on a filter paper and washed. The 
precipitate is then boiled with alcohol acidified with 
sulphuric acid, when an emerald green solution results. 

The only test of any value for bile salts in urine is 
Matthew Hay’s test. Flowers of sulphur poured on 
to the urine sink if bile salts are present, owing to 
reduction of surface tension. No other test is sensitive 
enough to recognize the small quantity found in urine. 

The Blood . — ^It has now been conclusively demon- 
strated that in jaundice the bile enters the blood-stream 
rather than the lymphatics, appearing there within 
two hours after the experimental ligature of the bile- 
duct. Bile salts in vilro have a marked hsemolytic 
action due to their solvent action on the lecithin and 
cholesterin of the red corpuscles. And the serum of a 
jaundiced patient will hssmolyze foreign corpuscles 
readily, so that it may be impossible to carry out 
Wassermann’s test, because hsmolysis occurs in all the 
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tubes. But in the body the patient’s own red oor> 
pusdes acquire a heightened lesistanoe against bile 
salts, which increases with the intensity of the janndice. 
This sharply differentiates ordinary jaundice from 
acholuric family jaundice, in which the red corpuscles 
are unduly fragile. Occasionally small subcutaneous 
heemonhages may occur, but more usually the hesmor* 
rhagic marks on the skin are produced by scratching 
excited by the pruritus, or are really small telangiectases. 

The Heart and Vessels . — One of the most definite 
results of jaundice is bradycardia. High tension 
usually accompanies a slow pulse, but in the brady- 
cardia of jaundice the pressure is low and the pulse 
dicrotic. High tension stimulates the cardio-inhibitory 
centre in the medulla, and thus slows the heart through 
the vagus, but bile salts have a slightly depressing 
effect on the heart. Hence the slow pulse with low 
blood-pressure. The action can be demonstrated 
easily on the isolated heart of a frog. As the effect 
can be abolished by atropine, bile salts probably act 
through the intracardiac endings of the vagus. The 
blood-pressure is also kept low by the toxic action of 
bile salts on the smaller bloodvessels producing some 
degree of vaso- motor paralysis. 

The Central Nervous System.— Any severe toxcemic 
jaundice will be accompanied by marked nervous 
symptoms — headache, delirium, and ultimately coma. 
But this is due to the hepatic inadequacy caused by 
the action of the toxins on the liver and not to the 
jaundice. Indeed, bile salts are probably not produced 
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in thifl condition, the liver being too damaged to elabor* 
Btethem. A mSd dejgm of pomnii^ 0/ the iiervoia 
system by bile salt, a, however, common in ordinary 
' jaundice, causing headache and depression. Bile 
pigments and bile salts are generally found in the 
oerebro*spinal fluid removed by lumbar puncture. 

The Skin.— Bile pigment usually appears in the skin 
soon after it does in the conjunctiva, but in the hsmo< 
lytic jaundice of pernicious anssmia the latter usually 
escapes. In obstructive jaundice the colour of the 
skin gives no indication T^hatever of the amount of 
bilirubin present in the serum. In the deep green 
jaundice of prolonged obstruction there may be less 
pigment in the serum than in early stages when the skin 
is just beginning to show a yellow tinge. This suggests 
that the skin is used as an alternative attempt at 
excretion, though, as will be pointed out later, it does 
not usually escape by the sweat. It is merely stored 
up in the skin, as if to free the more vital structures. 
Pruritus is a most troublesome symptom, but it is 
inconstant. It is due here, as pruritus always is, to 
currents of lymph set op between the prickle cells. 
Here the bile salts are responsible, as they cause altera- 
tions of surface tension which set up such currents. 
The patient indulges in much scratching, but without 
relief, for, as he often says truly, the itching is lene<dh 
the skin. 

The Secretions.— SeixvBk, tears, and milk are not bile- 
stained in jaundice. It is hrequently stated that the 
sweat is bile-stained, but thjis is exceptionaL The 
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oojMouB disphoraau indaoed hjr pQooupw is, bovrever, 
^acooBapaaied bjr bile pigment Nasal and bnnobial 
maeas is not tinged with bile. Inffammatoiy end 
passive exudates are, however, invariably bile-stained. 
Thus if mastitis occurs in jaundice the milk will be 
coloured with bile. The expectoration in bronchitis 
is not coloured; but if pneumonia occurs as a complica- 
tion bile at once appears in the sputa. Again, should 
oedema of the lung ensue the sputa becomes bile- 
stained. In a case of jaundice without pneumonia then 
occurrence of bile-stained sputa is of serious import, 
being evidence of heart- failure. Fluid in the pleural 
or abdominal cavity, being either the result of inflam- 
mation or of passive exudation, will, accordingly, be 
coloured by bile in a jaundiced patient. 

The Fate oj the Bile Pigment. — It will be gathered from 
what I have already said that I lean to the view that 
urobilin or its chromogen is formed in the intestine by 
reduction of bile pigment through bacterial agency. 
The evidence in favour of this seems very strong, for 
when all bile escapes through a biliary fistula, or when 
complete obstruction prevents bile from entering the 
intestine, no urobilin is found. Again, it is absent 
from the faces at birth, not appearing till bacteria 
have had time to establish themselves in the bowel, 
while if bilirubin is inoculated with intestinal bacteria 
urobilin is formed. Normally this urobilin colours 
the feces, where it is often called ‘ stercobilin,’ while 
a small amount is reabsorbed and appears in the urine. 
If there is polychromia frdkn increased hemolysis there 
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mil be increaeed formation of urobilin, while if there 
is partial or complete obstruction to the bowel there 
will be increased reabsorption of urobilin. In either 
case urobilinutia will occur, but it has most significance 
as evidence of hemolysis. Against this view has been 
urged the presence of urobilin in the duodenal contents 
— that is, above the point at which bacterial activity 
begins. But I do not think this is sufficient to counter* 
balance the mass of evidence in favour of the intestinal 
origin of urobilin. I am aware that urobilinuria is 
often regarded as evidence of ‘ floating gall-stones ’ 
or of cholangitis. 1 can only say I have far more often 
seen this diagnosis made than confirmed, when based 
on this test. 

In conclusion it will be observed that apart from an 
unpleasant but harmless discoloration produced by 
bile pigments all the important symptoms in jaundice 
are due to bile salts. Their absence from the intestine 
causes steatorrhoea and wasting from deficient absorp- 
tion of fats, increased intestinal putrefaction and 
constipation. Their presence in the blood causes 
bradycardia, headache, depression, pruritus and some- 
times subcutaneous hasmorrhages. 

Treatment . — The treatment of jaundice must depend 
upon the cause, but the following general prindples are 
usually applicable. During the initial stages the patient 
should be confined to bed. Although calomel is only 
indirectly a cholalogue it may be given in doses of 
} grain every hour for six doses; this often relieves the 
vomiting, and has the additional advantage of being 
aperient without causing drastic purgation, which 



JAUNDICE 


187 


dioold be avoided. Ten boon after beginning the 
oalomel treatment a Seidlitz powder should be given, 
lor repeated doses of oalomel, if not effective in opening 
the bowels, may set up mercurial stomatitis. Alkalies 
are indicated as solvents of mucus in catarrhal oases, 
and, if the vomiting persists, may be combined with 
10 grains of bismuth salicylate. As soon as the state 
of the stomach permits the more active sodium sali- 
cylate should be substituted as a diluent and dis- 
infectant of the bile. In toxemic cases the patient 
should be encouraged to drink large quantities of barley 
water and the like. With the onset of severe cases it is 
advisable to purge freely and to give an intravenous 
infusion of 1 drachm of sodium acetate in a pint of 
water at body temperature. Venesection has the 
advantage of removing toxins while the infusion is 
diluting them. Theocin-sodium- acetate in 2 -grain 
doses is a useful diuretic. As dextrose is the most 
easily metabolized foodstuff in this state, it should be 
given by the mouth or rectum. 

In even mild cases the diet will naturally be light. 
Milk is usually regarded as the mainstay, but owing 
to its comparative richness in fat it is not really suitable, 
and is often much disliked by the patient. I prefer 
to give barley water flavoured with lemon, with the 
white of an egg and a teaspoonful of Flasmon or 
Somatose to each half-pint. Tea is usually forbidden, 
though it is difficult to see on what grounds; jaundiced 
patients often crave for it, and if made in the Russian 
fashion without milk, bift with a slice of lemon in it* 
seems free from objection. If the practitioner feels 
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relnotant to abandon milk, it should be separated or 
throughly skimmed to get rid of as much fot as possible, 
and then a grain of sodium citrate added to each 
ounce of milk to diminish curdling. Benger’s food 
made with water, calves’- foot jelly and lemon sponge 
can usually be taken without difficulty. Alkaline 
mineral waters may be given freely. 

When the bile pigment has returned to the feces in 
obstructive cases, the patient feels much better, though 
still jaundiced; he can now get up and the diet should 
be cautiously increased. There is sometimes con- 
siderable depression daring convalescence, for which 
strychnine and calumba may be given. Dilute nitro- 
hydrochloric acid in 10-minim doses is often recom- 
mended, but should not be given until all signs of ob- 
struction have passed off. 

For pruritus hot alkaline baths may be tried, or some 
of the following preparations : a lotion of 1 drachm of 
creolin and 1 ounce of glycerine made up with 10 ounces 
of water; an ointment of 20 grains of camphor, 80 grains 
of menthol and 1 ounce of vaseline; a dusting powder 
of 1^ drachms of camphor, } drachm of zinc oxide, and 
1 ounce of starch powder; a paint or inunction of 
2^ drachms of ichthyol, 8 drachms of absolute alcohol 
and ether to 2 ounces. Other preparations which may 
help are Eichoff’s superfatted ichthyol salicylic acid 
soap, prepared by Muelhin’s of Cologne, or 10 per cent, 
of ansBSthesine in olive oiL As explained in Chapter L 
thyroid extract in ^-grain doses may help by diminish- 
ing the formation of bile salti. 



CHAPTER VI 


UBIO ACID AND THE PUBIN BODIES 

Wb can only form an opinion as to the part that oiio 
add and allied substances play in disease by studying 
their normal behaviour in the body. Urio acid is a 
subject which has a peculiar fascination for the lay 
mind, and our patients often seek or wish to impart 
information concerning it. Again there is something 
about urio acid, as there is about alcohol, which seems 
to turn the mildest-mannered man into a heated 
partisan. The widest differences of opinion prevail; 
thus, while Haig regards it as the cause of nearly all 
the ills that human flesh is heir to. Luff looks upon 
it as a harmless by-product of metabolism. Between 
these two views there is plenty of room for the exercise 
of private judgment. 

What are Purm Bodies? — Fischer gave the 
general name of purine to bodies containing the 
nudens CiN^, which will yield two urea molecules 
on oxidation. Only twelve different pnrins are 
known to exist in nature, though 146 have been 
189 
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prepared in the laboratory. The moat important 
ones are — 


Oxy-pntiiia 

Amino-piiriiiB 

Metbyl-pnriiu 


Hypoxanthin 

Xanthin 

Urioadd .. 

Adenin 

Guanin 

Theobromine 

Caffein and thein 


(VN4H4O 

CgN4H|(GH|)|()| 

q,N4H(CH,),Oi 


The source of urinary purine is partly from the food 
(exogenous), and partly from the tissues (endogenous). 
1. Exogenous Purins.—We take these substances in, 


(a) Methyl-purins in tea, coffee, and cocoa. 

(b) Free purins, such as xanthin and hypoxanthin, 
in meat-extracts. 

(c) Bound purins. Nuclei yield purins in their de- 
composition. The more cells a food contains the more 
nuclei it has, wd therefore the more purins it yields. 
Accordingly, cellular organs, such as liver and sweet- 
bread, are a great source of purin intake. 

In the following table, taken from Walker TTall , the 
bound and free purins are estimated togetber, the foods 
having been weighed just as they are used in the house- 
hold: 


FMt 


Paiins in Gnina 
per Pound. 


Cod 4*07 

Salmon 8 - 15 . 

Jfaol : 

Mutton •• 8*78 

9sd.» ' .. T*96tol4^ 



FOOD PUBINS 


m 



PuiiuB la GirnbiB 
per nmnd. 


Chicken .. .. 

• o 0 a 

Liver 

.. 10*26 

Sveetbtead . . 

70*43 

Eggion^eheeae 

. . almost 0 

VegeUMea : 

White bread, rice, cabbage, oanli* 

flower, lettuce . . 

0 

Potatoes 

.. 0*14 

Aspoiagne .. 

■ ■ e e l*fl 

Peoa 

2-M 

Oatmeal 

• • 3*40 

Beaus 

4*16 

Purins In Gnins 
per Pint 

Beverages : 

Wines 

• ■ e a 0 

MUk 

.. 0-0014 

Baer 

1*09 to 1*27 

Methyl-purine. 
Grains per Tesoup. 

Tea, China .. 

. • . . 0*76 

Tea, Ceylon 

.. 1*21 

Coffee 

.. 1*7 


It will be seen from this table that the practice of 
distingaisbing between red and white meats in dieting 
a gouty patient is apparently nnsonnd if it is regarded 
as a method of regulating bis purin intake. To out 
a patient off mutton and give him chicken and sweet* 
bread hardly achieves the object that is presumably 
in view. 

Adler daims, however, that white meats lose their 
extractives more readily on cooking than do red; thus, 
Tei4 lopci four-fifths of its eutractiveu, while beef Ipsflp 



192 FHTSIOLOOIGAL PBINCIFLES 

\ 

hardly any. Incidentally, the resolt of this must be 
that veal broth is laden with pnrins. 

2. Endogenous Purins . — ^Even on a porin-free diet 
the urine contains purin bodies, so that some must 
come from the body tissues. Though the form of the 
purins may vary, the total remains fairly constant for 
the same person living under the same conditions, and 
amounts to about 0*2 gramme of purin nitrogen daily. 
An important source seems to be the leucocytes and 
the muscles. It has usually been assumed that it is 
the disintegration of the nuclei that provides the purin. 
But Plimmer believes that it is not when the leucocytes 
are being destroyed, but while they are active, that 
the output of uric acid is high. Thus, in pneumonia 
the increased output of uric acid runs paralld with 
the leucocytosis, and after the crisis, although there 
is a large destruction of leucocytes, this increased 
secretion of uric acid comes to an end. This is dis^mted 
by other observers. As for the musdes, during eyercise 
there is merely an alteration in the proportions of the 
purin bodies. There is less uric acid and more TAntbin 
andhypoxanthin. As the latter bodies are leas oxidiied 
than uric acid, it is probable that they replace it during 
exercise, because of the demands made elsewhere for 
oxygen. But after exercise, especially of an nnacous* 
tomed form, there is a considerable rise in the uric acid 
excretion. This might be explained by the washing 
out of retained uric add by the more vigorous drcn* 
lation induced, especially as repetition , of the same 
exercise does not have the same effect. But Kenna- 
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way has found, so long as the form of exercise is yaried, 
the moreased output occurs. This, he considers, 
points to a heightened activity of the processes that 
form uric acid rather than to the sweepbg out of it 
from the body. It is certain that the' endogenous 
purins do not come from nucleo-proteins alone, for 
Garratt has shown that in fevers the rise in uric acid 
output is not accompanied by an increased output of 
phosphoric acid, which is a constant constituent of 
nudeo-proteins. Graham and Poulton conclude that 
purins are synthesized from proteins and carbohydrates, 
for a diminished intake of either loads to diminished 
formation of endogenous purins. The nucleins of the 
food do not appear to be utilized for this purpose. This 
accords with the clinical experience that excess of 
carbohydrate is bad for gouty subjects. 

The Ej^eet oj Ingestion of Purin Bodies.—' If wo 
believe popular medical, to say nothing of lay, opinion, 
uric acid is a virulent, all-perva ding poison,’ says 
W. G. Smith, ' yet it is a normal constituent of our 
bodies, and ... is regularly found in the blood of 
birds.’ Now, as Gore points out, ' uric acid can ^ no 
exception to the general law that a substance acts as a 
poison in direct proportion to the amount of it present 
in the circulating fluid.’ We know that in leukemia 
as much as 6 grammes of uric acid may be excreted 
in a day from the leucocytes. If uric acid is a direct 
poison, why does it not produce symptoms in leukasmia 
similar to those of ' uric acid diseases ’ 7 

Walker Hall thinks thaf, althon^ purins have not 

13 
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the powerful toxic properties usoally ascribed to them, 
they are not entirely harml^. He tried the effect of 
taking considerable amounts while fasting, with the 
following results: 1 gramme of eaffein caused a sensa- 
tion of warmth in the abdomen and oyer the whole 
surface of the body. There was intense headache and 
some muscular twitching. On a second occasion a 
similar dose caused fulness in thehead, a loss of muscular 
sense, and confusion of ideas. Half a gramme of 
hypoxcmOiin caused a slight fulness in the head, and 
a feeling of stiffness over the whole body. With itrte 
acid a dose of i gramme caused distinct headache and 
confused ideas, with a sensation of warmth in the 
abdomen. On the second occasion the same dose 
caused slight headache, with sensory disturbances in 
the abdomen. On the third occasion a dose of 1 gramme 
caused no symptoms at all. Tolerance was therefore 
quickly established to doses of even 1 gramme, taken 
while fasting. This perhaps also explains the in- 
tolerance to purin-containing foods sometimes acquired 
by those who have adopted a purin-free diet. 

Repeated injections of hypoxanthin into rabbits 
caused a cellular reaction in the liver and kidn^, 
and sbw growth of the animal, but no rise of vascular 
tension was detected. 

Hitlory of Puriiu after Ingestion . — ^After excision of 
a dog's kidneys, no uric acid or other purins can be 
found in the blood even on a diet rich in purins. This 
seems fatal to the hypothec of ' retention ' of uric 
acid, to which so many diseases have'heen refoxed. 
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Something must be able to destroy pnrins, probably 
intraoellolar ferments in the liver, since extracts dl 
that organ cause nricolysis both tn vitro and tn vivo ; 
while if the liver be excluded from the circulation, the 
uric acid in the blood and urine is increased. 

Such food purins as appear in the urine have escaped 
by the kidneys before they could be destroyed in the 
liver. The amoxmt has been stated to be from a 
quarter to a half of that ingested. In Plimmer's ex- 
periments, however, only one-tenth of the ingested 
purins, taken as herring roe, could be recovered from 
the urine. Kennaway found that while xanthin and 
hypoxanthin ore proportionately more abundant with 
a copious flow of urine, the more oxidised uric acid is 
relatively more abundant in concentrated urine. In 
other words, the more rapidly excretion is going on, 
the more purins are removed before they con be 
oxidised. The final stage of the oxidation in the liver 
gives rise to urea. Hyp oxant hin, xanthin, uric acid, 
urea, then represent successive steps in the oxidation 
of the purins, and the proportion in which they appear 
in the urine depends on the activity of the liver as 
compared with the rate of urinary excretion. An 
example of t-hia is seen on comparing the urine in a ease 
of failing heart with that of paienchymatous nephritis. 
In both the urine is concentrated, but in the former it 
is loaded with urates, while in the latter the urates are 
diminished, because, the excretory cells being damaged, 
and not merdy oongeste^i the liver can destroy purins 
more completely before tUla kidn^ can excrete them. 
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Plimmex found one condition in vhioh ingestion of 
^nrins led to a considerable inoxease in their excretion. 
After giving Liebig’s extract of meat, there was an 
increased excretion of nric acid equal to more than half 
the purins in it. This differed so widely from his other 
results that he made further investigations, and found 
that the meat-extract produced leucocytosis which 
may be accompanied by increased uric acid formation. 
He thinks that the leucocytosis was necessary to 
remove toxic substances contained in the meat-extract. 
If this be so, it raises doubts as to the wisdom of 
treating infective conditions by the artificial produc- 
tion of leucocytosis by nuclein ipjections, etc. Indeed, 
it has never been clear that such procedures do more 
than evoke enough leucocytosis to deal with the in- 
jected material. 

Increased excretion of purins, then, may be due to— 

1. An excessive intake of purins. But as long as 
the body is healthy, 90 per cent, of the purins ingested 
may be destroyed. 

2. Defective action of the liver, which fails to break 
down the purins in the way it should. 

8. Anything causing leucocytosis. 

i. Unaccustomed muscular exercise. 

The upholders of the uric acid theory of disease 
ftimnnifl that the body can deal with its endogenous 
pgiins, but is poisoned by ingested purins. There is 
little in the history of purin metabolism to support 
this view. We have seen that there may he a great 
increase in uric acid production without gouty i^ymp* 
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toms, and that a healthy liver has a great power of 
destroying purins. Moreover, a vigorous reaction of 
the body to infection is marked by an increased pro- 
duction of purins, and it is probable that the increased 
output of purins after giving meat-extract is simply 
due to the leucocytic reaction it induces. Leathes 
and others have shown that the quantity of uric acid 
excreted is greatest in the early waking hours of the 
day, and least during the night. In other words, its 
excretion runs parallel with bodily activity. 

Purins _and Gout.—l believe we may look upon a 
person who is readily poisoned by purins in the same 
light as those who have cystinuria, alkaptonuria, or 
pentosuria — i.e., they all lack a link in the chain of 
protein katabolism, so that intermediate products 
appear in the urine instead of the usual end-products. 
The curious point, to my mind, about the man who 
cannot metabolize purins is his fixed belief that the rest 
of ma nkin d suffers from a similar incapacity. Hence 
the elevation of the purin-free diet to the dignity of a 
cult. 

If food purins lead either to a uratic deposit in the 
tissue or to a high purin output, it is a sign of hepatic 
insufficimcy rather than the cause of disease. Amid 
all the confusion that reigns on the pathology of gout 
we can hold to the two definite facts established by 
Sir Alfr ed Qarrodrtin gout there is an excess of uric 
add in the bloodj and during the paroxysm a dimin- 
ished output of uric acid in the urine. We may . 
add that there is a retardation in the excretion of 
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oxogenouB porins. The \^hole reveala a defioieDoy in 
the capacity of the body to kf^tabolize putinB. Mere 
retention of porinB \nll not cauM gout. Uric acid 
can always be demonstrated in normal blood or lymph; 
in gout and lead-poisoning the amount is increased, 
though not BO much as was formerly thought. The 
blood is capable of carrying much more sodium urate 
in solution than it is usually asked to do. Walker 
Hall had calculated that the average daily output 
jcould be suspended in the quantity of blood passing 
•:through the lungs in five minutes, or through the 
■kidneys in twenty minutes. Even after severe mus- 
cular exercise or in fever the quantity eliminated is 
well within the suspension capabilities of the blood- 
stream. He considers that the small purin increased 
in the blood of a gouty individual cannot be responsible 
for the deposits in joints and tophi, since there is such 
a considerable margin of solubility available. Nor 
does the hypothesis of renal inadequacy provide a 
satisfactory explanation, since the kidney of diffuse 
nephritis, which is much more damaged than the gouty 
kidney, can excrete uric acid at a normal rate. An 
additional factor must come in, and, as Walker Hall 
says: ' Qouty individuals possess some inborn defect 
or alteration of nuclein metabohsm which lowers the 
resistance of the tissues in certain directions, and so 
permits a response to irritants which are scarcely appre- 
ciated by those whose metabolism does not exhibit 

f 

this peculiarity.’ Llew^yn makes out a strong case 
for this irritant being an infection of low virulence. 



PUBINS AND GOUT 


100 


It is only reasonable in such oases to diminish the 
intake of substanoes which are not necessary as foods, 
and which tax the liver to metabolize them, and the 
kidney to excrete them. But this will not satisfy the 
enthusiasts. Goodhart complains: ' It is diet, diet, 
diet, all the time for the man who passes uric acid. 
It is " get the uric acid out of your system," and all 
will be well. But though you absolutely exclude all 
urio-aoid-forming food, of whatever kind you assume 
that food to be, you may wither up your patient into 
a shrivelled, juiceloss, prematurely aged being, and 
there will yet, by some means or other, under favour* 
ing conditions, be squeezed out of his tissues enough 
uric acid to form a large deposit of red crystalline 
matter in his urine.' This accords with the experi- 
mental evidence that checking the ingestion of purins 
does not prevent their endogenous formation. 

This modified conception of the source and history 
of putin bodies should diminish our ardour in trying 
to wash uric acid out of the system. ‘ Much therapy 
is directed against this necessary result of nuclein 
metabolism,' but, as a matter of fact, most drugs have 
an insignificant effect in increasing the elimination of 
uric add and its allies. 

Wafer, by producing diuresis, certainly increases 
the output. It is chemically impossible that liOiium 
edits can have any such effect. We know that chemical 
action is determined both by the mass and the avidity 
of the various interactii|g bodies, but also that if in 
any mixture of adds an& bases an insoluble salt can 
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be foimed, it ^rill be formed. In face of tbis, what 
can be the use of a few grains of litbia introduced into 
the bodj to combat an amount of sodium which, in 
addition to all the advantage of mass reaction, forms 
the less soluble salt ? Lithium is, moreover, distinctly 
depressing in its action on the spinal cord, motor nerves, 
and alimentary canal. 

Piperazin has been shown by Fawcett and Gordon 
to have no solvent action even in full doses. Hexamine 
can cause a very slight increase in the purin output. 

The action of alcohol is complicated. With malt 
liquors there is an actual intake of purins, while in 
all cases alcohol leads to diminished solubility of purins. 

Minkowski has suggested that ihyminic Ofiid (an 
organic acid containing phosphorus) is the substance 
which holds uric acid in solution in the circulation. 
Quadriurate of soda has for some time been regarded 
merely as a mixture. Thyminic acid can hold its own 
weight of uric acid in solution at 20° C., and 60 per 
cent, more at body temperature. Although we no 
longer believe that deposit of biurate of soda explains 
the whole pathology of gout, and look upon it rather 
as a symptom, yet we can quite understand that a 
case of gout would be improved if the deposit could 
be prevented. The drug is put up in tablet form under 
the name of Solurol, and is given in doses of 4 to 8 grains 
three times a day. But although it has been on the 
English market since 1905, the number of reported 
successes remains very small.^ 

ScAicjflates can cause a vet^ markedly increased out* 
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put— Bometimes as much as 60 pec cent. Bat it is 
not a little disturbing to find that this increase \rill 
occur even after a parin>free diet has been taken for 
years. There are three possible explanations: 

1. That salicylate washra out retained urio acid. 
But since the liver rapidly destroys urio acid, reten- 
tion does not occur, and therefore washing out cannot 
be effected. 

2. That the drug causes increased katabolism of the 
tissues. But the increase is too groat, and no marked 
loss of weight occurs on administration of salicylates 
such as this hypothesis would necessitate. 

8. That it causes synthetic production of purins. 
This is not proven, but by a process of exclusion seems 
the only possible explanation. It would appear ironical 
if, in their enthusiasm for ‘ washing out ’ urio acid, 
those to whom it is anathema are merely increasing its 
production. 

Atopkan, or its English equivalent, quinophan or 
phenoquin (2. phenylcbinolin, 4. carbonic acid), is 
another comparatively new phenol derivative which 
definitely increases the output of uric acid. When it 
is taken by a healthy individual, the excretion of uric 
acid even on a purin-free diet rises at once, and then 
slowly falls, returning to normal by the third or 
fourth day. uric acid is injected into a nqm^ 

i^,_itoj»@reti9n is spread over several di^ and 
tl)e total amount ii^eoted is not recovered. But 
if the injection is given ^uring a course of atophan, 
the excretion of urio ocidfis completed within twenty- 
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four boura, and the whole amount is recovered. In 
a gouty individual the same results are obtained 
(\l^ker Hall), so that under the influence of atophan 
the gouty and the healthy renal cell seem to excrete 
just the same amount of uric acid. Its administration 
appears to shorten the acute stage of gout, and is 
accompanied by increased uric acid output. Bo far 
as it goes, this might be held to support the retoition 
theory. More probably, however, both retention and 
constitutional disturbances are due to the same un- 
known perversion of metabolism, and the drug affects 
the endogenous formation of purins. It is put up in 
tablets containing 7^ grains, 4 to 6 of which should be 
given in the day, broken up in plenty of water. Wein- 
trand, who warmly recommends it, advises full doses 
of sodium bicarbonate at the same time, such as ^ ounce 
on the first day, and drachms on subsequent days. 
The method is well worth a trial both in acute and 
chronic gout. It is obviously contra-indioated in 
n^ary calculus and gravel 
The use of cplehieum in acute gout is purely empirical, 
but is undoubtedly often efficacious in the relief of 
pain. Dixon and Malden found that its active prin- 
ciple— colchicine — excited the nerve endings of plain 
muscle, and that the number of leucocytes diminished 
at first, afterwards returning in increased numbers. It 
is probable that the exciting effect on plain 'mnsde is 
responsible for the purgative action of colchicine, which 
may serve to eliminate son^ gastro-intestinal toxin, 
while the diminution of leucocytes, by Himiniabing the 
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endogenow formation of urio add at this janottae, 
may perhaps just tide over the metaboUo difficulty. 
Ihe return of the leucocytes in increased numbers 
would account for the failure of colohioum to exert 
a prolonged influence. 

Prevention oj Deposition oj Uric Acid in Urine . — 
Though we can do comparatively little to increase the 
output of urio acid, we can and ought to check its 
deposit in the crystalline state in the urine, causing 
symptoms of stone and gravel. Sir William Koberts 
showed the importance of high acidity and high per- 
centage in causing this deposit. 

Acidity is at its height during the fasting hours, and 
seldom is a marked feature during digestion, owing 
to the loss of acid by the gastric juice. It is usually 
sufficient to give 20 grains of potassium citrate night 
and morning to correct high acidity. There is, how- 
ever, one precaution which I have not seen mentioned, 
but which seems to me important. If urio acid deposit 
has already occurred in the form of a calculus, render- 
ing the urine alkaline will cause growth of the calculus 
by accretion of phosphates. 1 therefore tell the patient 
to put a piece of red litmus-paper into the morning 
urine. If it turns blue, the drug must be diminished 
in amount until this just does not occur. Fjet^Jruit, 
such as -pears, green figs, dates, oranges, and grapes, 
have been shown by Smith Jerome to have a similar 
action in checking high acidity. Fresh fruit, howeyerA 
does not seem to suit t^ gouty subject with a large i 
foinmtion,Qf eni^genous purins. 
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High percentage of uric acid may be absolnte or 
relative — that is, the total output may be increased 
•or the urine may be concentrated. Both may favour 
deposition. The former should be regulated by cutting 
off foods rich in purins, the latter by diluting the urine. 
Patients do not care to be ordered to drink plain water. 
Potash water is preferable to soda water, because of 
the relative insolubility of the sodium salts. But, for 
the reasons I gave when considering the action of 
lithia, it is the water which is the chief therapeutic 
agent. 

Certain waters, such as those of Gontrex6ville, have 
a high repute for washing out uric acid. It has been 
questioned, however, whether the treatment at Gon- 
trex^ville does not increase the endogenous formation 
of uric acid; whether, in short, m Goodbart says, the 
gravel passed is not manufactured on the premises. 
But an alkaline mineral water will help to prevent 
^deposit of gravel both by diluting the urine and by 
rendering it less acid. 

Qce pointed out the extraordinary effect of whey 
in preventing uric acid deposits, and 1 have repeatedly 
confirmed this. I do not know whether the effect is 
due to its action as a diuretic, but there is no doubt 
as to the fact. A breakfastcupful should be given 
twice or thrice a day. 

To sum up, uric acid is merely one, and one of the 
less toxic puiin bodies. The purins come partly from 
the foods and partly from thop^ssues. The food purins 
•are largely destroyed by the liver in health, giving 
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rise to urea. The tisBoe purioB are moreaaed by 
leucooytoBU and muscular activity. Though we can 
control the intake of food purinB, we have very little 
control over the tissue purins. For the ordinary in* 
dividual, purins have hardly any toxic action. The 
gouty subject seems unable to metabolize his purins 
properly, and his kidneys excrete them too slowly. 
The inadequate metabolism leads to toxic symptoms, 
and the inadequate excretion to uratic deposit. It is 
still unknown what causes this inadequacy. Most of 
the drugs supposed to wash out uric acid from the 
system are incapable of doing so. Atophan and 
salicylates will definitely increase the excretion of uric 
acid, but it is doubtful whether they do not do so in 
part, at any rate, by increasing its production. It is 
reasonable to diminish the purin intake in individuals 
whose power of metabolizing purins is defective, but 
probably in many cases much of the good done is simply 
due to reducing the quantity of food eaten by making 
it monotonous. Deposit of uric acid in the urinary 
tract can be diminished or prevented by diluting the 
urine and rendering it loss acid. 

Eslimalion of the Urinary Purins.— Thd only method suitable 
for clinical work is Walker Hall’s purinometer. It is easy to 
work, but gives only a very rough approximation. It hoe not 
proved of general utility. 
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OXALUBIA. FHOSPHATURIA, AND URINARY 
OALCULI 

OzALATB orystalB, phosphatic deposits, and albomen 
may each ooonr in the mine under varying conditions, 
in which they may have a widely different significance. 
Physiological considerations may help ns rij^itly to 
appraise these, and may point out a line of rational 
treatment. 


The Basis of Urinary CalonlL 

Urinary calculi are mixtures of crystalloids and 
colloids. This fact seems to explain their comparative 
insolubility, since the colloidal precipitate, which forms 
an essential part, is ‘irreversible’ — does not 
redissolve on being placed in non-satmated solutions. 
The ordinary colloids in the urine, such as uroohrome 
and mucin, are reversible, but, according to Sobade, in 
certain pathological, and especially inflammatory, con- 
ditions, fibrinogen or fibrin, typical irrev^Ue col- 
loids, appear. For him, then, an inflammatory reaction 
is a necessary precursor of a calculus. 

Beiyamin Moore {British Jdedieal Journal, 1911, 
200 ^ 
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i, p. 737), maintained that the disorepaney between 
the expected and actual aolnbility of calculi is due 
to 0 miBconception aa to their eompoeition. This 
haa generally been asaumed from their appearance or 
from a partial and qualitative examination only. In 
thia way the tradition has grown up that calculi are 
moat commonly composed in the main of uric acid and 
urates. The striking murexide reaction is easily ob* 
tained if there be present only a small quantity of these 
substances. But complete quantitative examination of 
a series of twenty-four calculi removed by operation 
showed calcium oxalate to be the most frequent con- 
stituent of their centres. There were only two ex- 
ceptions to this — ^namely, two stones, each removed 
from the bladder, which were almost purely uratic. 
This marked difference suggested to him that they 
were of an entirely independent origin, and had not 
been formed in the kidney at all. The comparative 
failure of the medical treatment of renal calculi he 
considered due to its being directed towards dissolving 
uric acid by alkalies, which could have no beneficial 
action on calcium oxalate crystals. 

His observations have been confirmed by others, 
and form another useful warning against the tendency, 
BO common in medicine, towards unquestioning acf^jH 
tance of traditional statements, which are copied from 
one textbook into another. He went on to urge that 
it is of little consequence whether a degenerated kidney 
cell or micro-organism fosmed the nucleus around which 
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a renal calculus grows, or whether it starts spontane* 
ously, since it is only a certain type of disordered 
metabolism, producing certain insoluble salts of 
calcium, which can keep it growing. This disordered 
metabolism he considered to be due to defective oxida- 
tion comparable to the calcification of cartilage and 
arteries in later life and the calcareous deposits in 
tuberculous foci, which are non-vascular. But he 
went too far in assuming a special relation between 
calcium and defective oxidation. The deposit of cal- 
cium salts tends to occur even in dead matter. Bodies 
buried in damp soil show it. The structural change 
occurs first, the deposit of calcium follows. 

He laid curiously little stress on the fact that oxalates 
were the most abundant of the calcium salts in the 
majority of his cases, regarding this as merely due 
to their greater insolubility. The treatment he sug- 
gested was to diminish the intake of calcium salts by 
forbidding milk, things made with milk, wholemeal 
bread and oatmeal. But the conditions leading to an 
increased excretion of oxalates are also worthy of 
consideration, since they probably play as important a 
part in the formation of calculi as the base with which 
they are combined. 


Qxalorla. 

The urine contains substances which have been 
introduced with the food (exogenous} and substances 
which have been formed within the body (endogenous). 



OXALXTBIi^ 209 

The origin of oxalates from the food is clear; their 
formation within the body is not so easily proved. 

Small quantities of oxalates are normally present in 
nrine, but they only have any clinical significance when 
they are deposited as calcium oxalate in envelope or, 
less commonly, dumb-bell crystals. 

Sources of Urinary Oxalaiee — (a) Ingestion of Oxdates 
in the Food. — Bhubarb (which contains 0*24 per cent, 
of oxalic add), spinach (0*82 per cent.), sorrel (0*86 
per cent.), and strawberries, in my experience, are 
most prone to produce oxaluria in suffident amount 
to cause symptpms. But many other articles of diet 
contain oxalates — e.g., figs, potatoes, beetroot, French 
beans, tomatoes, plums, tea, coffee, and cocoa. 

On the other hand, peas, asparagus, mushreoms, 
onions, lettuce, rice, cauliflower, pears, peaches, grapes, 
melons, wheat, and oats contain little or no oxalates. 

Baldwin’s oxalate-free diet is composed of meat, 
milk, eggs, sugar, butter, wheat -meal, rice, and 
biscuits. 

The greater part of the oxalates in the food are in 
the form of the insoluble calcium oxalate. This can 
hardly be absorbed as such, but is decomposed by the 
add of the gastric juice, which accordingly seems to in- 
fluence the absorption of alimentary oxalates. Thus, 
if there is no hydrochloric add in the gastric juice, 
there may be no oxalates in the urine, even if spinach 
be eaten; but on giving hydrochloric acid by the 
mouth oxalates will appear. Similiarly, we may reduce 
these alimentary oxalates by giving alkalies. 

14 
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(b) From Oasbrie FermentaHoit.— It w eaiioas that 
oxalates will appear under preeisely opposite eon* 
ditioins — ^when there is no hydioohlorie acid. Bat to 
produce them then, abundant fennentation of sugar 
must be going on in the stomach, producing oxalic 
acid. As the oxalates are formed in the gastric con- 
tents, this amounts to ingration as the souice of the 
oxaluria. Thus Baldwin produced oxaluria in dogs 
by feeding on meat and excess of dextrose. A mucous 
gastritis with absence of free hydrochloric acid resulted, 
and oxalic acid was found in the gastric contents. 
The organic acid here provided for its own absorption, 
As already pointed out, oxaluria may similarly result 
from chronic pancreatitis. 

(o) Endogenous Formation.— In the laboratory de- 
composition of uric acid results in the formation of 
oxalic acid. 


NH-GO 

8HjO+^+(jo (i— NH' 




Ulio acid. 


HN, COOH 
I I NH,. ■ 

= 00+ I +00^+ ^^30 

I I NH^ 

NH, COOH Uiea. 

Uieo. Oxalio 
acid. 


A similar change has been assumed to ocous in the 
body. Uric acid is extensively decomposed in the 
liver. If uric acid is perfused through an excised liver, 
oxalic acid is formed. If the metabolism of the liver 
is incomplete, it is easy to suppose the central carbon 
chain of the uric acid is not completely oxidised, when 
oxaluria would result. 

However, several observers (Dunlop, Baldwini, 
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Bcndld Bhort) have bean unable to find anj oxalates 
in ibe wane on a milk diet, while otben beve toand 
traces. We maj conclude that endogenous formation 
does not occur in sufficient quantity to produce a 
deposit of oxalates which is usually the result either 
of ingestion of food rich in oxalates or of fermentation 
in the stomach or duodenum, especially with excess of 
carbohydrate diet. 

The body has considerable powers of dealing with 
oxalic acid. Esbach took as much as 6 grammes with* 
out inconvenience, and though it is almost certain that 
not all of this could have been absorbed, 0*181 gramme 
was found in the urine. Minkowski believes that, 
when once absorbed, oxalic acid does not undergo 
further oxidation. Maguire thinks that the nnexcreted 
remainder in Esbaeh’s experiment must have been 
deposited as calcium oxalate in the tissues. 

Symptom— (a) Urinary Irritation.— Most cases only 
show this. They are most frequent in the strawberry 
season, especially if the weather be very hot, so that 
the nrinfl is also concentrated. I would suggest 
that there are several factors at work here. Straw 
berries contain oxalates, cream tends to dyspepsia, and 
' the sugar by its fermentation produces more oxalates. 

Micturition becomes painful, and is followed by pro- 
longed smarting. Hematuria is not infrequent. En- 
velope crystals are found abundantly in the urine. I 
know men in whom such symptoms occur every sum- 
mer, and one man in whom they occur every time he 
eats rhubarb. 
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Ubammiiria b often aaaooieted with oxalaiia, 
probably from mechanioal irritation of the kidney 
by the oaldom oxalate oiystols. That aotnal 
hflBmatnria ocenra in the severer cases supports this 
idea. 

(b) Oxdlaie ealeuli may form; they are hard mnl* 
berry-stones, usually mixed irith uric acid. 

(e) Remoter Symptoms . — ^It follo^rs, from what I have 
said, that fermentative dyspepsia will lead to oxaluria. 
The so-called * remoter symptoms ’ and the oxaluria 
must be referred to a common cause. We must not 
regard the oxaluria as causing them. The nervous 
symptoms do not resemble those seen in oxalic add 
poisoning at all. 

Such symptoms often occur in crises, sometimes 
predpitated by worry or overwork, sometimes by 
some int^urrent disorder. They consist of attacks 
of depresdon and lasdtude, headache, smarting pains 
on micturition, and sometimes hesmaturia, neuialgio 
pains in the back, chiefly referred to the kidn^. 
The patient often becomes hypochondriacd. This 
oxaluria is the index of a very low state of health 
(Gee). I may quote the following example: 

A nervous, delicate, hard-working youth suffered 
from paroxysms of pain in the left side. Physical 
examination and a skiagram revealed nothing. The 
urine contained abundant crystals of caldum oxalate, 
but no albumen. The paroxysms generally came on 
if he overworked or took mudf muscular exertion ;ihey 
him fatigued and much depressed. Bubsegnen^y 
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be bad two attacks of hnmatnriai the second rather 
serere, and accompanied by much pain. A stone vas 
snspected, and his kidney was explored, but nothing 
was found to account for the qmaptoms. He had 
no more hflematuria, but some occasional attacks of 
pain. 

Treatment cj Oxolitfia.— The recognized treatment 
is abstention from oxalate-containing foods and ad* 
ministration of magnesia, since the oxalates are more 
soluble in the presence of magnesia. Peas should be 
taken when in season, os they are poor in oxalates and 
rich in magnesia. For Klemperer and Tritschler showed 
that when the amounts of CaO and MgO in the urine 
were about equal, as long as the urine contained 
0‘02 per cent, of magnesia, the calcium oxalate re* 
mained in solution, probably owing to the formation 
of a soluble double salt. And although the amount of 
oxalate deposited is no guide to the total oxalate 
excreted, it is only the deposit which causes the urinary 
symptoms. 

Potassium citrate is of service in two ways— 

1. As a diuretic it dilutes the urine. 

2. By combining with the calcium it prevents the 
formation of calcinm oxalate crystals. Martin showed 
that citrate threw calcium* out of action by forming 
a non-ionizable soluble double salt. It is well known 
that citrate prevents the curdling of milk and the 
cbtting of blood for this reason, and it has there* 
fore lieen extensively used in the treatment of gastro* 
in ^rti n al conditions. 
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I have employed it in oxaloiia with snooeM. 
Borne obaeryen prefer to employ lemon-jnioe to 
sodium or potassium dtrate, and dlaim that in phle- 
bitis» at any" rate, it is much more effeotive. Now, if 
we can tell our patients that they need not give up 
strawberries altogether if they will also drink lemon 
squash, I believe we shall effect the desired object 
while avoiding irksome restrictions. A caution against 
much sugar while on this treatment should also be given. 

An increase in urinary acidity will assist the solution 
of oxalate calculi, just as increased gastric acidity will 
assist the absorption of oxalates. Maguire has found 
the administration of acid sodium phosphate, in doses 
of up to an ounce a day dissolved in 100 ounces of 
distilled water, effective in diminishing the sixe of 
oxalate calculi. It is obviously important that there 
should be no ingestion of oxalates during this treat* 
ment, as the acid salt would facilitate their absorption. 

In the nervous oases we must treat the digestive 
disturbance also, and direct attention to preventing 
fermentation of the sugar. A holiday and change of 
air is generally required. 

Phosphaturia. 

Normally phosphates are present in the urine a»— . 

(a) Acid phosphates of sodium and potassium. 

(b) Earthy phosphates of calcium and magnesium. 

It is only the earthy phdisphates that can form a 

deposit. This may, occur — * u 
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1. In the bladder, bo that the last portion of the 
mine is milky. This iB often mistaken for sperma* 
torrhoea; the patient becomes needlessly depressed, 
and falls an ea^ prey to qnaoks. 

2. As an iridescent pellicle on the surface of the 
urine when it has been passed. 

8. Only on boiling the urine, when acidification is 
necessary to prevent confosing it with albumen. 

Calcium phosphate forms a deposit of stellar 
(xystals, magnesium phosphate appears as rectangular 
plates with bevelled edges, while ammonio-magnesium 
phosphate (' triple phosphate ') forms ‘ knife-rest ’ or 
' coffin-lid ’ crystals. 

The term ' phosphaturia ' is somewhat loosely 
applied to any condition in which these various 
deposits occur. But it is clear that such deposit does 
not imply any increase in the total output of phos- 
phates, since in no circumstances will the sodium and 
potassium phosphates be precipitated, while the earthy 
phosphates will be deposited on adding any alkali to 
any urine. Quantitative estimation would be neces- 
sary to prove an increase. 

Usually phosphaturia is merely a sign of diminished 
acidity of the urine. 

Now, if there be excessive secretion of hydrochlorio 
add in the gastric juice, the withdrawal of acid ions 
from the blood leaves less acid at the disposal of 
the urine during digestion. Phosphaturia is there- 
fore common in hyparchlorhydria, even though a 
opnesponding over-secsetion of alkaline panereatie 
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joioe might haTe been expected to eheck its ooonr* 
renoe. 

Many mganio ealte, enoh as eitratee and tartrates, 
become bicarbonates in the blood, and thos reduce 
the acidity of the urine. Fhosphaturia may therefore 
follow a diet rich in fruit and vegetables. 

Again, if there be cystitis, animoniacal decomposi- 
tion will lead to a deposit of phosphates which will 
take the form of crystals of ‘ triple phosphates.’ The 
occurrence of ' knife-rest ’ crystals at once suggests 
cystitis. In one case I saw, the passage of these 
crystals bad occurred with hsmaturia at intervals for 
over a year. Between the attacks the urine was quite 
normal; but a stone was ultimately found. I have 
seen particularly copious deposits of triple phosphates 
in staphylococcal infections of the bladder. 

There is, however, a residue of oases where the out- 
put is increased from the normal 2^ grammes of phos- 
phoric acid to perhaps 7 or 9 grammes. Here the 
earthy phosphates will probably be m excess. The 
ratio of earthy to alkaline phosphates, which is nor- 
maUy 1 to 2, may rise to 6 to 2. It was formerly 
thought that this was due to excessive breaking-down 
of the phosphates of the brain, as it is common in 
neurasthenia, but there is no proof of this. 

Wasting causes an increased excretion of phosphates, 
because the disintegration of nucleo-proteins yidds 
phosphates. Conversdy, phosphates are dimifiialmH 
in the urine in pregnant^ and in convalescence after 
fevers, because tbqy are required for building op. 
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Phosphatnria may, therefore, be merely a symptom ol 
wasting. Sometimes no definite oanse for the wasting 
oan be found. Thus the editor of a ‘ hustling ’ journal, 
aged thirty-eight, consulted me for loss of weight 
(28 pounds in two months). He was suffering from 
depression and ' brain-fag,* but there was nothing 
objeotiye except phosphaturia. Tonics and alteration 
in his mode of life led to great improvement. Again, 
a man, aged fifty-two, was sent to me to find a oanse 
of his loss of flesh. He had formerly been in a business 
which had declined so much that he had recently taken 
up a new occupation which entailed much walking. 
Some swelling of the legs came on, and he became very 
thin. Except some old adhesions round his shoulder- 
joint, which explained the pain and limitation of 
movement he experienced there, I could find nothing 
beyond phosphaturia. As he gradually became accus- 
tomed to his new occupation, he put on flesh again 
under ordinary tonic treatment. 

I have met with marked phosphaturia in cases of 
multiple myeloid tumours leading to albumosuria. 
No doubt this was in consequence of the earthy salts 
being set free by the destruction of the bones. 

Phosphaturia may also occur in cases of marked 
depression without wasting. It was the only objective 
sign I could find in a young man who had recently 
gone into business on his own account, and who con- 
sulted me| frn paroxysms of fear of failure. It was 
j^esent also in the case o! a young man of the anxious, 
nervous type, who was 6n the Stock Exchange^ and 
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coDBnlted me for headache, inBomnia, and impairment 
of memory. 

Probably the phosphatnria in these oases is sympto- 
matic of a diminished formation of acid due to a 
general depression of metabolism. 

In Balfe’s opinion cases of phosphatnria \rith wasting 
are apt to go on to serious organic diseases if they do 
not rapidly yield to treatment, but I have only ob- 
served such a sequence once. A man, aged fifty years, 
had much anxiety on account of the prolonged and 
ultimately fatal illness of his wife. He was much 
frightened because his urine had an iridescent scum 
on it. I found it was composed of phosphates, the 
urine being scarcely acid. Two or three years later 
he developed chronic interstitial nephritis, and had an 
attack of cerebral hemorrhage which left him aphasic. 
I do not think, however, that there was any connec- 
tion between the phosphaturia and this event. More 
probably the prolonged anxiety caused both depressed 
metabolism and high tension. 

Tr&Ument . — We must remember that phosphatnria 
is a symptom emd not a disease. 

1. If triple phosphates be present, seek a cause for 
cystitis and treat that. 

2. If phosphaturia depends on hyperchlorhydria, 
the digestive condition requires treatment. 

8. If it be associated with wasting, the cause of the 
wasting calls for attention. 

4. If it be a symptom of depressed metabolismi, the 
patient is usually much benefited by giving him the 
add he cannot make, preferably combined with tonics. 
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Now, phosphorio add luraally suits these patients 
weU. If their symptoins were really due to phosphatio 
loss, this would hardly be the ease, because there would 
already be excess of circulating phosphate, and the 
tissues could not discriminate between this and the 
administered phosphate. Moreover, on a fish diet, 
rich in phosphates but not acid, the phosphaturia will 
probably be aggravated. Therefore it is simply be- 
cause it is acid that phosphoric acid does good, and in 
my experience it does not matter whether you give 
phosphorio or nitro-hydrocblorio acid. But an inor- 
ganic acid should be given, and with it tincture of nux 
vomica. 

If the deposit of phosphates makes the patient 
anxious, as it is apt to do, Soetboer's method of 
diTniniflhing the calcium intake may be used. Milk, 
eggs, fish, fruit, which contain a good deal of lime, 
are not allowed, while food poor in lime, such as meat, 
potatoes, and cereals, is given. The phosphates are 
then excreted in more soluble forms. 

It is an interesting point of contrast that neuras- 
thenics tend to oxaluria when the urine is very add, 
but to phosphaturia if the urine is not very add. It 
suggests a disturbance of caldum metabolism, the form 
in which the caldum salt is excreted depending on the 
reaction of the urine. 


Oystinurla. 

Gystin is only an occasional constituent of urinary 
calculus. Its presence in more than minute traces 
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appears to be due to an inborn error of metabolism 
(Garrod). It is an amino acid containing snlphnr and 
is contained in many proteinc, being espeeialfy abun- 
dant in hair. The tendency to deposit hexagonal 
crystals in the urine is lifelong in some persons, and 
runs in families, more commonly in the males. Ex- 
ceptionally the deposit of crystals has occurred in the 
tissues, imitating gouty tophi. Gystinuria is little in- 
fluenced by diet, and indeed the patient can usually 
deal with large quantities of cystin given by the mouth. 
It is the endogenous metabolism which is at fault, the 
sulphur containing fractions of the tissue proteins being 
excreted as cystin instead of being further decomposed. 
The excretion of cystin is often accompanied by a 
variable amount of diamines, such as putrescin and 
cadaverin, which are not normally present in the urine 
ahd probably originate in the same way from incom- 
plete breakdown of the tissue proteins. A cystin 
calculus is yellow, turning green on prolonged exposure 
to light, somewhat translucent, with a crystalline 
surface, rather soft and friable in structure. 

Gystinuria may continue for years without produc- 
ing calculi, and indeed an additional factor appears 
to be required before this occurs. The additional 
factor is an infection of the pelvis of the kidn^, very 
generally due to B. ediij then the inflammatory col- 
loids are provided, which glue the crystals togethev 
into a calculus. To render the urine aseptic is there- 
fore the first indication in* the treatment of cystin 
calculi, in order to prevent increase in siie. The onlv 
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other snggestion as to treatment ia based on the hypo* 
thesis that endogenons'i^tin shonld normally become 
the tanrin of the bile salts, and that its excretion as 
Oystin is due to lack of oholalic acid with which it can 
coigugate. Cholalic acid may therefore be given in 
oyatinaria as the prophylactic against calcnlns forma- 
tion. On the other hand, alkalies help to dissolve 
cystin when formed, bat cannot check the formation 
of fresh crystals. 

The factors in the deposit of nxic acid, the other 
important ingredient of a calcolus, have been con- 
sidered in the preceding chapter. 



CHAPTER VIII 


ALBUHINUBIA AND THE TBEATBIENT OF 
NEPHRITIS 

Thb caoses of true or renal albnminnria may be classi- 
fied thus (Tirard) : 

1 . Without definite structural change of renal tissue— 
(a) Mechanical— e. 9 ., from failing heart. 

(h) Hesmatogenous — e.g., in the ansemias and in 
fevers. 

(e) * Functional.' 

2. With definite structural change of renal tissue. 


* Foncttonal ’ Albuminuria. 

This has also been called alimentary, postural, cyclic, 
adolescent, to mention only a few of the names. Ali- 
mentary albnminnria is extremely difficult to produce. 
Certain experiments by D’Arcy Power upon himself 
are usually quoted as evidence of its existence. It is 
true that albumen appeared in his urine on the first 
day of the experiment, after twdve eggs had been 
eaten, but it disappeared in the evening, and did not 
reappear till the afternoon of the third day, after the 

2sa 
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oonBQinption of fJrty-eight eggs. It was found again 
during the evening of this daj, after which it disap- 
peared again, and had not reappeared at the end of 
the experiment, by which time sixty-five eggs had been 
taken. Only once was the albumen present in suffi- 
cient amount to enable its coagulation-point to be 
determined, so that there was very little connection 
between the number of eggs consumed and the amount 
of iJbumen. A significant point, which seems to 
have escaped notice, is that at this time D’Arcy Power 
was aged twenty-two, and that the occurrence of the 
albuminuria was always observed after a considerable 
amount of exerdse had been taken. Now, transient 
albuminuria after severe exercise is common in young 
men, without excess of albuminous diet. 

Collier found albumen present in the urine of every 
one of the Oxford crew of 1906 after rowing a course. 
In the case of half of them the amount of albumen 
was quite large, and in men who went in for running 
races the albuminuria was even more pronounced. 
In all these cases he found the urine passed in the early 
morning to be free from albumen. Such albuminuria 
may fairly be called ' physiological.’ 

‘ Functional ' albuminuria without violent exerdse 
is not an uncommon condition in males between 
puberty and marriage. Dukes found it in 16 per cent, 
of all the boys entering Rugby School at the ages of 
thirteen or fourteen. The strain of examinations 
seems to be a factor. A*young man I knew who was 
working for an examination in physiology happened 
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to test his mine. To hie alann, it was loaded with 
albumen. He took a holiday, and the urine soon 
became free from albumen. Some years later the 
albumen returned during an interourrent illness, 
again disappearing when he recovered from it. He 
is now a healthy man in busy practice. 

The subjects of this condition are nsuaOy annmio, 
weedy youths with a dull, heavy aspect, and a tendency 
to fainting. Dukes says that boys who faint in chapel 
are almost certain to be albuminmics. Their hearts 
are often excitable, and the condition vaguely diag- 
nosed in them as ‘ weak heart ’ is frequently due to 
this. 

Dukes divides them into three classes: 

1. By far the largest class exhibit an increased 
arterial tension in consequence of irritability of the 
vasomotor nerves. The tension is, however, so un- 
stable that it varies from horn to horn and day to 
day. This he regards as pathognomonic of the disease. 

2. The next most extensive class comprises those 
who have cold, clammy, congested extremities, accom- 
panied by a large, feeble, compressible pulse arising 
from deficient vasomotor control. 

8. The remainder are the sparer highly-strung, over- 
sensitive neurotics. 

Cold bathing is another factor in inducing transient 
albuminuria, presumably by driving of blood from 
the periphery into the splanchnic area. The name 
proteinuria would be more e2^t, as a good deal of it 
is globulin. 
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In the oases where albumen readily oeenrs without 
some special strain hyaline oasts may be seen* and 
often oaloiom oxalate erystals. Fostore has an im> 
portant inflaenoe. Albumen is absent from the urine 
passed first thing on rising, beoanse this was seoreCed 
while reoumbent; but it appears in urine secreted 
while in the upright position. With the fainting and 
the variable tension this strongly suggests a vaso* 
motor element. A lax condition of the yasomotor 
system failing to compensate for the effect of gravity 
would allow both cerebral anemia and back pressure 
on the kidney to occur. 

Observations of the blood-pressure confirm this; 
whereas change of posture has an insignificant effect 
on the blood-pressure of a normal person, there may 
be a difference of 40 millimetres betweeii the pressure 
in the upright and recumbent position in these patients. 
I have seen a case m a girl where there was a variation 
of 86 millimetres. 

Edel, in eight eases of this condition, found a fall of 
pressure under conditions which ordinarily cause a 
rise in the healthy man. Gomcidently with this fall, 
albumen appeared in the urine. Facts such as these 
place vasomotor insufficiency in an indisputable pod- 
tkm as the principal factor in this form of albuminuria, 
to which the name ' orthostatic ’ may therefore fairly 
he applied. 

Sir A. E. Wright beUeues that the coagulability of 
the blood is diminished in this condition, which would 
decrease its visoidity. Galdum salts incr e ase botti 

U 
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ooagolabOity and Tuddity. He dums that oaldnm 
aalta control fnnotional albaminaria, whereae or- 
ganio albuminuria is not diminished, and may be 
increased. The subjects of functional albuminuria 
have often been growing rapidly, so that there is an 
extra demand for oaldum on the part of the tissues. 
He therefore considered the condition hematogenous 
in origin, and allied to a 'serous exudate/ such as 
occurs in urticaria. 

Whether we accept this dew of the pathology of the 
condition or not, it provides us with a convenient 
oliniod test for functional albuminuria. 

Fifteen grains of oaldum lactate three times a day 
in water should control it. A possible fallacy is that 
the albumen often disappears spontaneously or is only 
present at certain times in the day. More systematic 
observations are required. 

In six.eases which I believed to be of this character 
the calcium lactate readily controlled the albumen, 
whereas in organic albuminuria I found it to have no 
effect as determined by Esbaoh’s albuminometer. 

Hingston Fox empbyed it in seven oases he thought 
were functional, and in all the albuminuria ceased, 
whereas in nine oases, apparently organic, albuminuria 
persisted. 

While admitting this hematogenous dement, we 
must not overlook, the vasomotor dement, whidi I 
. believe to be of even greater„importanoe. 

Prognorit. — ^Dukes, who has probably had a unique 
expscience of this condiiiont has entir^ abandoned , 
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Ms former opinion that it tended to wganio kidney 
disease, for he has found that his patients even thirty 
years later were robust men. In fact, he has only 
found albumen subsequently in one of these oases, and 
that was in a boy who had only recently left school. 

The question is one of great importance in con- 
nection with life insurance. At present the attitude 
of many offices towards albuminuria is one of total r^ 
jection or of heavy loading. Is this fair ? 1 believe 
it is justified by some on the ground that the expecta- 
tion of life is BO much lower in albuminurics. Of 
course it is, if post-scarlatinal nephritis and other or- 
ganic cases are included. They would naturally bring 
down the average. But has any attempt been made 
in such tables to exclude obviously organic cases ? I 
believe not. Now that we have in calcium lactate a 
simply and readily applied test by which the functional 
can be discriminated from the organic, it seems to me 
that the rules of insurance companies and public 
services should be relaxed. It is not the duty of the 
medical man who examines for the companies or ser- 
vices to apply the test. Indeed, be has no business 
to treat as patients persons coming before him for 
nwMwinfttion. But the general practitioner can fortify 
his patient against the ordeal of examination by ad- 
ministering calcium lactate, and I can see no objection 
to bis doing so; for he will not be able to secure the 
acceptance of sufferers from organic nephritis, but only 
of those who will almost certainly be free from albu- 
minuria when adolescence is past. 
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TnatmetU . — ^HsTing assnied oonelyei by oontrol- 
ling the albominaria with oaldom laotate, by esdadiiig 
the piesenoe of casts other than hyaline, and by noting 
the effect of posture on the blood>preesare, that the 
case is one of orthostatic albuminuria, the first step in 
treatment is to reassure the patient. He usually 
comes before os, after the shock of rejection or post* 
ponement of his proposal for life insurance, bdiering 
himself to be the subject of an incurable disease, and 
is naturally apt to become hypochondriacal. Nest a 
tonic line of treatment and a holiday are indicated, 
and usually that is all that is needed. I have used 
digitalis as well, and so far as I can judge the effiect has 
been good, the general condition (such as the tendency 
to fainting) improving as well as the albuminuria 
ceasing. 

Organfe Afbumhiarla. 


We most distinguish between a progressive nephritis 
and a leaky kidn^, that has been damaged by old 
disease, but is not the seat of a progressive lesion. 
The ratio of albumen to globulin excreted, and the 
output of diastase in the urine will help ns to do so, 
as shown in the following table (Mackenzie Wallis): 


dOfutnen. OMmKn, 

FCneiknal albaminaria .. 2 : 1 

“ Leaky kMaw” .... 1:2 
Chionie neplintis 6 : 1 

Tozio ne^iitis (*.9., mer* 
ouial poiaaoing, pngnaaey 6 1 


Diaalam 

Ovtpul. 

Nonnal 

Normal 

SaboonBal 

High 


A nephritic kidney not only lets things pass out 
which it should retain, it idso retains thingii which it 


should excrete. 
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Now the (onotion of the kidney ia to keep the oom* 
position of the blood constant. There are three 
factors — ^the urine, the kidney, and the blood; if any 
two of these are known, the third can be determined. 
Until lately the last of these has not been sufficiently 
taken into account. The problem is simplified by the 
fact that the kidney effects very little change in the 
material it excretes. Ambard pointed out that the 
kidney passes material into the urine in three ways: 
(1) Blood and lymph only appear when there is actual 
solution of continuity. (2) Alcohol, acetone, and the 
like escape by diffusion, without concentration occur* 
ring; (2) urea and other normal as well as some abnormal 
constituents are secreted in a higher concentration 
than that in which they are present in the blood. 

Further, secreted substances fall into two categories: 
(a) Those which are purely waste products and useless 
to cellular life, such as urea, ammonia, and uric acid. 
There is no threshold for their excretion. Most drugs 
are apparently excreted in this way. (b) Those which 
may play a useful part in cellular life, such as sugar, 
sodium chloride, hemoglobin, and water. The kidney 
interposes a threshold in the way of elimination of these, 
so that they only pass into the urine when their level 
in the blood exceeds this barrier. With the substances 
for which there is a threshold it is the height of that 
threshold which matters. For those without a threshold 
it is their concentration in the blood that counts. 
Ambard illustrates the position thus: the organism is a 
free-tradw with regard to waste products, but a pro* 
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tectioniet towards substances of value, imposing an 
export tax in proportion to their importance. He and 
others have attempted to draw a sharp distinction 
between hydresmic nephritis in which dropsy pre- 
dominates, and azotssmic nephritis in which nitrogen 
retention is the important feature. In the former 
the output of the substances for which there is a 
threshold is disturbed. This includes salt, retention of 
which causes the cedema. In the latter it is the con- 
centrating power of the kidney that is damaged. 
Though this diftinction is helpful there are two diffi- 
culties in the way of its full acceptance. Gases of a 
mixed type are quite common; indeed, as Maclean 
admits, in the acute stage this is usually so. Secondly, 
retention of salt with its consequent raising of osmotic 
pressure of the tissues is not, as Widal thought, the 
only cause of dropsy in nephritis. 

Epstein showed that a feature peculiar to chronic 
parenchymatous nephritis was a great reduction in the 
protein content of the blood which almost entirdy 
affected the albumin and not the globulin. The daily 
drain on the protein may even amount to 10 per cent, 
of the total quantity in the blood. The osmotic 
pressure of the blood falls in consequence, giving the 
tissues the power to absorb and retain fluid. This 
tissue starvation is also shown by the high lipoid 
content of the blood, just as in advanced diabetes. 
That the blood serum may be milky in nephritis was 
noted by Bright, and subsequent observers have called 
attention to a similar condition in the ascites of this 
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duease. The lipemia seems farther to damage the 
kidney, while the abstraction of lipoids from tissue 
cells allows of imbibition of fluid, with consequent 
swelling of cells. 

To sum up, salt retention and protein depletion with 
resulting dropsy and liptemia are the principal features 
when the parenchyma of the kidney is diseased; nitro* 
gen retention and cardio-vascular changes when its 
interstitial substance is involved. 

The orthodox, conventional treatment of chronic 
nephritis has hitherto included the following principles: 

1. Severe restriction of protein intake with exclusion ' 
of food rich in albumen, such as eggs; in bad cases 
absolute restriction to simple milk diet. 

2. The estimation of the amount of urea in the urine 
ip to be taken as a guide to the capacity of the 
kidney. 

8. The kidney is stimulated to increased excretion 
by the use of diuretics. 

4. Elimination by the skin is promoted by various 
diaphoretic measures. 

1 venture to assert that each of these principles 
contains, and, indeed, is based upon, a fundamental 
fallacy. In the light of recent work they require 
drastic revision. 

L Sereie Restriction of Protein Intake.— When we 
proceed to limit the protein diet rigidly in Britt's 
disease, are we not led away by false analogies with 
glycosuria ? Whereas there are the following essential ' 
differences: 
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(1) The sngar eon be replaced by other things in a 
diet, while the protein cannot. 

(2) The sngar excretion is preceded by an excess of 
sugar in the blood; albnminnria is not preceded by 
excess of albnmen in the blood. The latter is due to 
a kidney lesion, the former is not. 

(8) In Chapter V. it is pointed out that there is a 
great breaking-down of the protein molecule into its 
constituent groups before it is absorbed into the body. 
The simple conception of Liebig, according to which the 
protein food is simply hydrolyzed into peptone, and 
then assimilated into the tissues with no further change 
than dehydration, is no longer held. 

It has been well said that, just as a Gothic cathedral 
could not be built out of a classical temple without 
reducing it to its constituent stones, so the protein of 
the tissues cannot be built out of the protein of the food 
without splitting it up into its simple constituent groups. 

There is, therefore, no satisfactory proof that albu- 
men is absorbed as snob, and is able to run through 
the body; consequently, it is difficult to believe that 
the protmn of the diet can directly influence the degree 
of albuminuria. 

I have tested this point several times by estimating 
the albuminuria on varying diets and comparing it 
with the urea and total nitrogen excreted. I have 
found that the addition of three eggs to the diet did not 
really affect the albuminuria in oases of parenchymatous 
nephritis. 

^ We know now the physiological minimum of protein 
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IB maoh leaa than the 100 to 126 granunes fonnerly 
ordained. From observationa on himself, his assis- 
tants, students, and a sqnad of soldiers, Chittenden 
eonclnded that weight and nitrogenous equilibrium 
eould be kept up on 50 to 60 grammes protein a day 
or even less, with no diminution, but rather an increase, 
of physical or mental fitness. 

A number of workers in one of the London physio- 
logical laboratories recently tested what amount of 
protein each was taking in the day; no alteration was 
made in their ordinary meals. With, one exception, 
they were all taking less than the Voit standard, and 
one was taking only about 60 grammes. Thus a repre- 
sentative group of brain workers in this country tends 
to eat a very moderate amount of nitrogenous food, 
which may be taken to confirm Chittenden. He has 
certainly proved a point of great interest and impor- 
tance— that the minimum protein requirements of the 
body are much less than was supposed. But be goes 
much further, and maintains that the minimum is also 
the optimum. To consume protein in excess of that 
required for the repair of the tissues he regards as a 
physiological sin, the wages of which is migraine in 
earlier and cardio-vascular degeneration in later life. 
He gives no evidence of this, but assumes that the 
nitrogenous excess overtaxes the kidneys by which it 
has to be excreted. Why he assumes that the kidneys 
are unable to do more than the minimum necessary 
without damage to theihselves is bard to see. He 
might as well assert that the deeper breathing necessi- 
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tated by reasonable exeroue dangerously overtaxes the 
capacity of the lung to excrete CO,, and tends to 
asphyxia. He is, in fact, obsessed ^nth the old idea 
that the body is unable to make any other use of pro- 
tein food than to repair tissue waste— an' idea which 
other lines of work have rendered improbable. The 
physiological minimum is not necessarily the physio* 
logical optimum. Experience goes to show that when 
there live, side by side, a race living on a protein-rich 
diet and one on a protein-poor diet, such as Europeans 
and natives in India, the morbidity and mortality of 
an epidemic are much higher in the latter. The rapid 
rise of Japan corresponds to the adoption of a more 
liberal nitrogenous diet. To this Chittenden answers 
that prosperity causes an individual or a race to elabo- 
rate the menu, that the increased food is not the cause 
of the improvement. 

Of our protein diet very little is used for direct repair 
of tissue waste, but doubtless much of the rest is used 
as a source of energy, and it is at least probable that 
the ammonia groups set free from this protein excess 
are useful in neutralizing acids which might otherwise 
lead to acid intoxication; moreover, protein in moderate 
excess of minimum requirements gives the tissues a 
wider choice of building material from which to select. 
In Hutchison’s phrase, protein is one of those things 
of which it is necessary to have too much in order to 
have enough. 

n. Urea Estimations as *^a Qnide to the Banal 
Capad^. — When we give a normal individual an 
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izoesB of protein food, he tams it into nrea, and exoretea 
it as qniokly aa poasible. For this reason it seema to 
me that the amoont of nrea secreted in the day gives 
very little information as to the severity of a case of 
Bright's disease, unless the diet is oarefnlly taken into 
consideration. 

The procedure often adopted is irrational. A man 
with chronic nephritis on a restricted diet has his urea 
estimated. Instead of the normal 80 grammes, he is 
found to be passing, say, only 16. The physician con* 
eludes that the capacity for urea excretion must be 
seriously decreased; the patient must take lees nitro* 
genous food. This is done, and the next analysis 
shows an even lower urea excretion. ‘ Worse and 
worse,’ thinks the physician; ' this man is only fit for 
a milk diet.’ Accordingly he is given three pints of 
milk a day and nothing else. He now bids fair to 
fulfil the gloomy prognosis formed, unless he fortu- 
nately rebels against this pitiful fare, and takes the 
law into his own hands. For, as the greater part o{ 
the urea comes direct from the food, the more the 
nitrogenous food is restricted the less urea will be 
excreted. 

Of course, a patient on the diet ordinarily given in 
nephritis passes less urea than normal, because he is 
given a diet poor in protein. But the output probably 
will not be so little as that of a healthy fasting man, 
while it will certainly be more than that of a man on 
Folin’s diet of starch and cream, in which the nitro- 
genous ^xcretion is reduced to a minimum, because 
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10 much of the energy is derived from sooroes other 
than protein. 

What the physidan expects to learn from the area 
estimation without reference to the amount of nitrogen 
in the food is hard to say. If he knew the total nitro* 
gen excreted, as estimated by Kjeldahl’s method, he 
could see whether the body was converting a due 
proportion of the nitrogen into urea; this would give 
him some, information as to the capadty of the in* 
dividual, but urea estimations by themselves tell him 
practically nothing. This hdlacy vitiates many of the 
condusions arrived at by so careful an observer as the 
late Professor Foxwell (Lcmeet, 1908, voL ii., p. 1426). 
He hardly mentions the diet factor at alL In one 
case he certainly says that he found a patient with 
chronic nephritis passing as much as 686 grains 
(89 grammes) of urea a day. On inquiry, he learned 
that the patient, feeling run down, was taking six 
meals a day, three of them bdng good meat meals. 
This shows that a chronic nephritic may excrete even 
more than a healthy man does on bis ordinary diet, 
though it presumably taxes his kidneys more. We 
can agree with Professor Foxwell that a daily output 
of 260 grains of urea is the lowest on which a man can 
permanently exist without lodng ground ; for this would 
represent a daily intake of about 60 grammes of protein, 
which is little enough to satisfy even the most extreme 
' nitrogen economist. ' In short, the amount of urea ex* 
creted by the kidney is largely determined by the amount 
of protein eaten, and, within wide limits, on little else. 
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Whftt u the bearing of all this on the treatment 
of ohronio nephritis ? 

It will be of material assbtanee'to know the amount 
of urea in the blood. This should normally lie between 
16 and 60 milligrammes per cent., although the latter 
figure would be rather high before middle life. If the 
blood contains no excess of urea, we can safely permit 
a much greater variety in the diet than is allowed on 
orthodox lines. We should naturally avoid meat 
extracts and cellular foods, such as sweetbread, 
because they contain a large proportion of purins, 
which have to be excreted by the kidney, and this, 
when damaged, has difficulty in dealing with uric 
add at any rate. It there is dropsy, the intake of salt 
should be greatly restricted. Indeed, as Bryant 
found, even a healthy man with a healthy heart and 
kidneys may develop oedema as the result of taking 
excess of salt. The substitution of lemon*jnioe will 
usually satisfy the patient. The amount of fat should 
also be cut down as much as possible. 

But Epstein would go much further than this. He 
would give a liberal protein diet in such oases in order 
to make good the drainage of albumin into the urine. 
His diet is selected from the following: lean veal, 
lean ham, whites of eggs, oysters, gelatine, Lima beans, 
lentils, split peas, green peas, mushrooms, rice, oat* 
meal, bananas, skimmed milk, tea and cocoa. He 
gives 120 to 240 grammes of protem, 20 to 40 of fat 
(unavmdably present in other foods), and 160 to 800 
grammiw of carbohydrate; with this 1,200 to 1,600 o.a 
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of fluid and enough salt to make the food palatable 
are allowed. 

At St. Bartholomew’s Hospital the following simple 
modified diet to fulfil Epstein’s indioations has been 
used with benefit in suitable oases: 


MODIFIED EPSTEIN DIET. 
Sdida. Fluidsm 


Breatjuai : 

1, boiled or poached. 
Bread. 

Jam. 

Lunch: 

Bread and jam. 


Dinner : 

Lean meat, 60 grammes to 
100 grammes. 

Potato. 

Greens. 

Fruit. 


Tea, 250 o.o. 
Bfilk, 25 0.0. 
Sugar, 


Tea, 250 0 . 0 . 
Milk, 25 0.0. 
Sugar, 


Lemonade, 250 o.o. 


Tea: 

Bgg, 1 , boiled or poached. 
Bread. 

Jam. 


Sumer : 

Heal meat, 50 to 100 grammes. 
Bread. 

Tomato. 


Tea, 250 o.o. 

Milk, 25 0.0. 

Sugar, q.8. 

Le monade, 260 o.o. 


Three times a day and once during night: Lemonade or 
Water, 250 o.o. 


Althoagh not prepared to agree ^th all Epstem’s 
oonoluaioDB, I am convinced that he i, right in saying 
that a salt-free diet is not always sacoessfnl in abolish. 
ing oedema. I woold agreft with him that a diet 
rich in protein is sometimes more snocessfoL I am 
inclined, however, to think that the disappearance 
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of oedema may be due to the diuretio effect of the 
urea to which thie diet gives rise as much as to its 
inereasing the blood proteins, since, as I have shown, 
there is no evidence that one can directly increase 
these by food proteins. And again, the oedema of 
aonte nephritis can hardly be due to reduction of blood 
protein, since it comes on at a time when the total 
volume of the urine is too small to have affected this 
seriously. 

Maclean has introduced a urea concentration test, 
which is free from the objection I have raised to urea 
estimations in general. Fifteen grammes of urea 
dissolved in 100 o.o. of water and flavoured with a 
little tincture of orange are given to a patient first 
thing in the morning just after he has emptied his 
bladder. The urea in the urine passed one and two 
hours afterwards is estimated by the hypobromite 
method. If this amounts to 2 per cent, or more in 
the first specimen the kidney is efficient in concen- 
trating power. But sometimes the diuretic action 
of the urea leads to dilution of the urine. As this will 
have passed off by the end of the first hour, the second 
specimen will act as a control. A moderately efficient 
kidney may show 1*6 per cent, and a bad one 1 per 
cent, or even less. Later observers have adopted 
rather higher figures, and advocate examination of 
a specimen at the end of the third hour. I am there- 
fore prepared to accept ^he figures at the end of the 
second and third hours as most reliable. I do not 
empby this test when I suspect serious nitrogen 
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retention, and in the mixed type of case I prefer to 
have the area estimated in the blood before trying it. 
Snbjeot to these limitations it is a nsefol test, and 

1. LOW NTTROOEN DIKT. 

Solidt. Fluids. 

Breal^st : 

Uilk ..4 onnoM Coffee .. ..10 onnoee 

Ferridge.. ..8 „ llilk .. .. 2^ „ 

Breed ..2 „ 

Batter . . { ounoe . 

luneh: 

Breed ..3 oonoee HiUc ..5 ooneei 

Batter .. loanee Berley voter ..10 „ 

Lettaoe or tometo If oonoee 

Dinner : 

Fotete ..4 oonoee Lemonede, Im- 

Greene .. S „ periel drink. 

Batter ^oanoe or berley 

Stewed trait .. 4 oonoee voter .. ..12 oonoee 

Baled rioe ..4 „ 

Tea: 


Breed 

.. 3 ounces 

Weokteo .. 10 onnoee 

Batter 

. . i ounce 

Milk .. 21 .. 

Itfttaoe or 



tomato 

• • ounces 


Supper: 

Potato ,o 

.. 4 ounces 

Lemonade or 

Batter 

1 ounce 

barley-water .. 12 ounces 

Greene 

.. 5 ounoee 


Stewed trait 

.. 4 ., 


Thk oontoinet— 



Protein . . 

• s • ■ • 

43 grams. 

Oerbohydrote 

• ■ e ■ ■ 

• • • • 283 

Vet 

■ e » • • 

• • flO f f 

Oelorievolae 

s • e e i 

.. 1816 


when it shows that the eopoentrating power of the 
kidney is good, I give 45 to 60 grains of area three 
times a day in dropsical nephritis while the patient 
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is on a diet which is not excessive in pioteins, but is 
poor in fats. 

When urea retention is present, an excessive protein 
diet is inadvisable, even if the patient can metabolize 

2. MODERATE NITROGEN DIET. 

Sdida. Fluids. 

Breakfast : 

Egg .. ..1 ounce As No. 1. 

Bread .. ..2 ounces 

Butter .. .. Jounco 

Lunch: 

Broad .. ..4 ounces AsNo. 1. 

Butter • • i ounce 

Tomato or lettuce 1 „ 

Dinner : 

Mutton or fish .. 3 ounces As No. 1. 

Bread ..2 „ 

(alternate days) 

Butter * • i ounce 

Stewed fruit . . 4 ounces 

Tea: 

Bread . . 4 ounces As No. 1. 

Butter - • i ounce 

Tomato or lettuce 1 „ 

3u^r : 

Greens . . . . 2 ounces Milk . . . . 5 ouncoa 

Potato ..3 „ 

Bread ..4 „ 

Butter •• i ounce 

Stewed fruit .. 4 ounces 

This contains (on average): 

Protein 95 grams. 

Carbohydrate 305 

Fat 02 

Calorie value 2»600' 

it, because he is getting the energy in a form that 
throws work on to the* damaged excretory organs. 
What is the happy mean ? 1 would suggest that we 
can arrive at it thus: 
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Chittenden's diet gives ns the physiological minimnm 
of protein. As the amount of protein in the diet has 
no appreciable effect on the amount of albumen in 
the urine, a patient with nephritis would not be able 
to maintain his nitrogenous equilibrium on Chitten* 
den’s diet. We must add an amount of protein 
equal to the albumen lost in the urine,* when we 
shall be giving just enough to maintain equilibrium 
and yet not be taxmg the kidney by calling upon it 
for any unnecessary work. 

Von Noorden finds, clinically, that the chronic 
nephritic can easily excrete up to 16 grammes of nitro- 
gen in the day, but above this elimination becomes 
irregular and uncertain. Fifteen grammes of nitrogen 
corresponds to 94 grammes of protein, and this is the 
maximum that should be allowed, while the minimum 
is about 60 plus the amount of albumen in the urine. 
Thus the theoretical and clinical results agree fairly 
closely. 

In the epidemic of war nephritis I found the diets on 
pages 240 and 241 useful. The low nitrogen diet is for 
cases with nitrogen retention, while the moderate nitro- ' 
gen diet is for the convalescent stage. 

The rules which guide us in acute nephritis or in 

* A oonvenient role is this: When the reeding of the sUm- 
mlnometer is 6 end the amount of urine is 2 pints, the petisnt is 
ezoieting es much protein es is contained in one egg. Itakethese 
figures because they admit of simple proportional oaleolaition, and 
also because thqr represent the anrount of albumen excreted in a 
case of chronic parenchymatous nei^tis of average aeveritg^— 
$.e., 6 grammes, which is the amount cf protein in one egg. . 
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exacerbations of chronic nephritis are somewhat dif> 
ferent, however. ‘ In acute affections we concentrate 
our attention on the diseased organ, whilst in chronic 
cases we keep the general condition of the patient more 
in view ’ (von Noorden). Nitrogen retention is a very 
prominent feature of acute nephritis, and a diet poor 
in nitrogen is strongly indicated. This period of re' 
tention is usually short; if it continues, it is very 
ominous. A few days’ comparative nitrogen starve 
tion will do no harm, and may avoid grave danger. 

Von Noorden is of opinion that in acute and dan* 
gerous oases this is very necessary, and gives nothing 
but sugar, water, and fruit-juice for from three to eight 
days. 

m. The Vie of Diuretics in Bright’s Disease. — There 
has always been a tendency to regard ‘ flushing out ’ 
the kidney as a good line of treatment in Bright’s 
disease; but before employing it we should consider 
what method of diuresis we mean to employ, how far 
such methods are desirable in the case before us, and 
how far they will achieve the end desired. Boutine 
» ll.n<^ indiscriminate ’ flushing out ’ is to be deprecated. 

Methods ol produelng Diuresis.— The following are 

a 

1. By vMO-dtUacOwn in the kidney, as by the caffein 
group of drugs. These probably act as direct stimu- 
lants to the renal epithelium, the vascular change being 
secondary. 

2. By vaeo-eonstrielion elsewhere, in consequence of 
which the blood-pressure is raised and more blood is 
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forced tbroogh the kidneys; digitalis has generally 
been held to act in this way, though this is donbtfol. 

8. Inereate in quantity of eireuiating fluiir-{a) by 
absorption of water from the intestine, as by giving the 
patient large quantities of fluid to drinkf (b) by in* 
creasing the osmotic pressure of the blood. The saline 
diuretics, citrates, acetates, etc., act in this way, attract* 
ing water from the tissues into the blood-stream. 

How far are these methods desirable in nephritis ? 

1. Why stimulate a damaged structure ? I believe 
1 have seen caffein, theobromine, theocin, and diuretin 
all produce bad effects. It is chiefly in chronic 
parenchymatous nephritis that one sees them cm* 
ployed, and there is a danger that they will cause a 
return of acute symptoms; hematuria not infrequently 
follows. 

I have gradually come to the conclusion that this 
group of drugs is unsuitable for nephritis, and should 
be restricted to oases where diuresis is required and 
the kidneys are not organically diseased. 

2. Accepting the modem view that digitalis is 
not a vaso-constrictor in man, it is difficult to see. 
how it could be a satisfactory diuretic in cases of 
nephritis, except when there is cardiac insuffidenoy 
aswdL 

8. In acute nephritis it is really no good to give 
large quantities of water with the idea of flushing the 
kidn^, for the kidney cannot excrete it, so that it 
accnmnlates in the tissues, ihoreasing the csdema. 

The importance of this defective adjustment of the 
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kidneys to vaiying wat 6 ^B 1 lpply is shown by the 
following observation of von Noorden’s: A nonnal 
individual, with an average hourly diuresis of 62 e.o., 
ezereted an average of 728 o.& for three hours after 
ilrinlring 1,800 0.0. of Salvator water; under the same 
oonditions a patient with aoute nephritis, ezoreting 
91 0.0. hourly before, only passed 103 0 . 0 . after. 
Spontaneous diuresis is the first and surest sign of 
oonvalesoenoe. 

The attempt to inorease the urinary flow by in* 
oreasing the osmosis into the blood is less open to 
objeotion in aoute nephritis. Citrate of potassium 
renders the urine less aoid and, therefore, less irritat* 
ing to the kidney. As the extra water is drawn from 
the tissues it will tend to diminish, and cannot in* 
crease, the oedema. 

1 would put it in this way: 

(a) lit acute nephriiis we cannot flush out the 
kidney, because the inflamed organ will not respond. 
I believe that potassium citrate is the best drug, be- 
cause it does not irritate the kidney, and any diuretic 
effect it miay have is at the expense of the osdema. 

(k) In ehronie parmehymatous nephriiu the kidney 
is more responsive, but it is undesirable to increase 
"its secretion, either by irritating it by caffein and the 
like, or by inwroMing the already raised pressure. I 
am inclined to make an occasional exception in favour 
of theocin-sodium acetate, in small doses, such as 2 
grains twice a day. It appears to increase the per- 
meability of the kidney, and, although allied to caffein. 
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ig not BO' liable to irritate the kidney if given in these 
doseB. Bat it should only be used to tide over an 
emergency, and is not altogether free from risk. The 
saline diuretics seem to be free from objection. In 
addition to potassium citrate I have given, with 
apparent benefit, 15 minims of liq. ferri acetat., and 
2 drachms of liq. ammon. acetat., made up with 
camphor water. Urea may be useful when the power 
of the kidney to excrete it is good. 

(c) In chronic interstitial nephritis the kidney re- 
sponds quickly to altered intake of water. But some 
years ago von Noorden claimed that, rather than 
trying to flush out the kidney, it was desirable to 
restrict the fluids to litres a day. He maintained 
that this did not diminish the urea excretion, while 
the work of the heart was spared. He considered that 
the polyuria was secondary to polydipsia. To a 
limited extent this is true, but the kidney has lost the 
power of excreting a concentrated urine, so the restric- 
tion must be carried out with caution. 

IV. EUminstion by the Skin.— This method of treat- 
ment is open to the fol jwing objections: 

(a) Only 8 grammes of nitrogen can be got rid of 
through the skin in the day compared with 8 grammes 
that can be more easily eliminated by the bowel. 

(b) Physiological rest for the kidney is not secured 
by giving it a highly concentrated urine to deal with, 
for defective adjustment of ^he kidney to varying con- 
centration of the urine is a promhient feature oi 
acotemisi nephritis- 
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(c) Diaphoresis is an exhausting process and may 
depress the heart. 

(d) The withdrawal of so much fluid without a 
corresponding removal of organic solids must increase 
the concentration of the toxins in the circulation. 

lf» therefore, it is decided to employ diaphoretic 
measures, it should be after fully weighing those objec* 
tions as applied to the particular case. It has been 
urged in support of this method of treatment that, 
after a hot-air bath, the patient may be actually covered 
over with small crystals. These crystals, however, in 
the main, do not consist of urea but of sodium chlqride; 
and here we have the clue to the kind of case in which 
diaphoresis will be of service — ^namely, that in which 
there is a defect in the elimination of sodium chloride 
with consequent oedema, for the retained salt increases 
the osmotic pressure of the tissues, and this tends to 
increase oedema and to diminish excretion. The 
elimination of salt by the skin may therefore be of 
indirect service by breaking a vicious circle. In a 
case of this sort 1 have actually seen diaphoresis fol- 
lowed by diuresis, which can only be explained in this 
way. 1 conclude that the hot-air bath is only 
suitable when dropsy is present. 

It may fairly be objected that I have attempted to 
destroy the basis for treatment, without being able to 
put anything in its place; to a certain extent, this is 
true. The kidney, once damaged by chronic nephritis, 
cannot recover, and thd only thing which can be done 
is to attune the mode of life to a low key, subjecting 
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the patient to as little strain as possible. He must be 
warmly clad and the kidneys protected from fluctua- 
tions of temperature as bu: as possible. The bowels 
must be kept freely open, as the best altematiye route 
for elimination of toxins. He may have a considerable 
variety of food, provided that the intake of protein 
does not fall below 60 or rise above 90 grammes in 
the day, and provided that he takes very little purins 
and salt. In constructing the dietary it will be con- 
venient to remember that a pint of milk, one egg, a 
^ pound of fish, and 2 ounces of meat contain altogether 
72 grammes of protein. Allowing for the protein in 
bread and vegetables, it will be seen that the amount 
of nitrogen in this diet errs rather on the side of liber- 
ality. It will, however, serve as a rough guide. He 
can be helped by saline diuretics and unirritating 
preparations of iron. He will do all the better if his 
medical man realizes that many of the methods re- 
commended in the treatment of this disease are im- 
potent where not actually harmful. 

Uisemia. 

Uremia is merely a clinical term to designate the 
final failure of the kidney to discharge its duties. 
No one to-day regards this as merely due to retention 
of urea. It is rather that renal fail ire alters meta- 
bolism so that abnormal toxic products are formed. 
While this is true in the main, not all unemio symp- 
toms can thus be explained. The vomiting and diar- 
rhoea certainly appear to be attempts at vicarious 
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elimination of toxins which the diseased kidney 
cannot accomplisL The rashes and intense proritos 
which sometimes occnr are probably symptomatic of 
an attempt to excrete toxins by the skin. 

It is true that there may be urea retention in uremia, 
and Ganti has shown that its degree is a measure of 
the prognosis. But if the hypobromite method is 
used this will evolve nitrogen from other substances 
besides urea. The urease method, on the other band, 
only splits up urea. The diiference between the two 
methods gives the amount of non-protein nitrogen 
other than urea. These figures from a case of mine 
are striking and typical. The cerebro-spinal fluid 
yielded 0-69 per cent, by the hypobromite method 
and 0*46 per cent, by the urease method. The amount 
of ‘ unknown nitrogen ’ was therefore greatly raised 
both proportionately and absolutely, being 0*24 per 
cent. Expressed proportionately it was nearly 85 per 
cent, of the total instead of the normal 8 per cent. 
In my opinion this unknown nitrogen is the real 
toxic element. Still the nitrogen yield by the hypo* 
bromite method from the blood or cerebro-spinal fluid 
gives a convenient index of nitrogen retention. When 
this, calculated as urea, is above 200 milligrammes per 
cent., there is serious nitrogen retention, and Canti 
found that 800 milligrammes or more was always a 
fatal portent. 

On analyzing the chief symptoms other than diar- 
rhea and vomiting whic& have been attributed to 
uramia, we find that they have different meanings. 
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(1) Epileptijortn Coiwuhiom and Amaurosia . — ^Ihe 
most dramatic manifestation — ^namely, epileptiform 
convulsions — ^may develop, and recovery is possible 
not only from the uraamia, but from the nephritis. 
This has not been my experience with uremic mani- 
festations other than those in this group, which 
suggests that the toxins are not the same. Similar 
convulsions occur in eclampsia, which may also come 
on very suddenly, and from which recovery may ‘be 
complete. Moreover, they occur in toxemic kidney, 
in which the tubules are suffering from a degenerative 
but not an inflammatory change, the result of a 
chemical poison like mercurial salts or cantharides 
or the toxemia of pregnancy. Although severely 
damaged for a time, such a kidney is, nevertheless, 
capable of complete recovery. It does not retain 
toxins, but is characterized by an undue permeability 
to anything which the blood presents to it (Mackenzie 
Wallis). 

Amaurosis may occur under similar conditions — 
i.e., acute nephritis, toxamic kidney, and eclampsia-^ 
and is also capable of complete recovery. I am there- 
fore inclined to attribute both symptoms to the same 
cause. And that cause is not retention of nitrogen, 
nor, as far as 1 know, of any other toxin. I believe 
that the toxin, whatever it may be, although it is not 
retained, damages the liver, part of whose work is 
detoxication. Venesection appears to be the best 
treatment. 

(2) Paroxysmal Dyspnon (or Uromie AsOma ). — ^It 
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hu been establuhed that aoidsBinia may ooonr in 
n^hiitis from the failare of the kidney to excrete 
add Bodiom phosphate. In health the kidney and 
the Inng can insure between them a foirly constant 
hydrogen>ion concentration in the blood; any change 
is soon compensated for. But when the kidney fails 
to excrete acid sodium phosphate the hydrogen-ion 
concentration of the blood must rise, and the respira- 
tory centre will be stimulated to compensate for this 
by washing out more GO, from the lungs by increased 
respiratory effort. Yet even the marked dyspnoea 
which constitutes uraemic asthma may prove inade- 
quate to compensate for the acidemia. The heart 
musde is poisoned, cardiac dilatation ensues, and 
pulmonary oedema follows. It is true that heart 
failure often excites dyspnoea in nephritis without 
addsmia. But I would restrict the term ‘ nromio 
asthma ’ to paroxysmal dyspnoea in nephritis before 
signs of heart failure develops. Here I will merely 
say that bicarbonate of soda should be freely given to 
increase the alkali reserve. 

(3) Headache, drotoeiness, coma, hemiplegia, opo- 
pketiform eeieures, insomnia, and acute mental changes 
usually occur in chronic lesions of the kidney, although 
they sometimes manifest themselves with great 
rapidity. This group of symptoms appears to be 
chiefly associated with kidney lesions when vascular 
dianges are paramount. The association between 
chronic interstitial nephritis and cerebral haBmorrhage 
has been attributed to the occurrence of nmilar changes 
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in the yeBseli of the kidney and the brain. Bat^tho 
association between vascular changes in these two 
organs is not limited to cerebral hnmorrhage. The 
endothelium of the healthy cerebral vessels is extra* 
ordinarily impermeable to toxins. We can see how 
the active inflammatory changes of chronic inter* 
stitial nephritis which Geoffr^ Evans has described 
must seriously diminish the impermeability of the 
cerebral vessels to toxins, and it is to this that a large 
part of the poisoning of the brain must be referred. 
Frequently, however, actual vascular lesions, such as 
punctiform or grosser hsmorrhages, are found in the 
brain, post mortem, when clinically the case appeared 
to be one of uramia. Here dimination of toxins by 
every practicable channel must be tried. In such 
cases nitrogen retention undoubtedly plays an im* 
portant part in the eventual disaster, but it is quite 
possible, as Canti has shown, for the cardio-vascular 
changes to lead to heart failure without serious nitrogen 
retention. Then treatment directed towards oomr 
bating this heart failure is the only thing which is of 
any avail, and it is capable of producing remarkable 
temporary benefit. 

The clear-cut features of the different types ate 
often blurred by the coexistence of several lesions. 
Thus, suppression of urine following retention of 
prostatie origin is very likely to be complicated by 
vascular changes as well, considering the age at which 
prostatie troubles occur, while the septic complica- 
tions to which nephritios are so prone are apt to 
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preripitate and to alter the manifestations of anemia 
at any age. 

It would appear, therefore, that even using the 
term in a restricted sense, the ursmio syndrome may 
be due to at least two different chemical substances, 
(me nitrogenous and the other non-nitrogenous, in 
addition to vascular lesions and septic complications. 



CHAPTER IX 

0LYC08UBIA AMD DIABETES 

A XHDiOAt man is often faced 'with the problem of 
deciding whether a patient is Buffering from diabetes 
when his urine reduces Fehling’s solution. 

Certain substances other than sugar might be re- 
sponsible for the reduction. 

1. Uric acid and kreatinin may both cause reduc- 
tion« and are normal constituents of urine. But th^ 
are never present in sufficient amounts to cause re- 
daction, if we are careful to add only as much urine as 
we have taken of Fehling’s solution. 

2. Glycuronio acid is closdy related chemicaUy to 
dextrose, as is seen by comparing their formula: 

OOH 

(Im0H)4 

doOH 

Glyomonio aoid. 

The reason for its appearance in the urine uvuld 
appear to be that it has combined, like sulphurie acid, 
with, pntrefactive bodies or’dse with administered 
drugs, such as chloral, morphia, camphor, chloroform, 
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antipyiin, antifebrin, or pyramidon. Its (onotion in 
this connection would appear to be antidotal, the con* 
Jugated acid being harmless. In this way protection 
against certain toxic substances is obtained. 

Olycuronio acid may be present in fresh urine with- 
out causing any reduction, when, of course, confusion 
will not arise. Boiling for some time with 6 per cent, 
sulphuric acid will render it strongly reducing, how- 
ever. Should a redaction be given with the untreated 
urine, glycuronic acid can be distinguished from dex- 
trose by its failure to ferment. If it is found in the 
urine of a patient not known to be taking one of 
the drugs mentioned above, the test for indican 
should be tried, for it may simply be due to an unusual 
absorption of putrefactive bodies which are thus 
rendered inert. But if indican is not found, the 
suspicion of drug habits on the part of the patient 
noay justifiably be entertained. 

8. Alkaptonuria may be responsible. This * is not 
the manifestation of a disease, but is rather of the 
nature of an alternative coarse of metabolism, harm- 
less and usually congenital and lifelong’ (Oarrod). 
The individual appears to be incapable of breaking 
down the tyrosin in the protein molecule completely, 
so that the intermediate product, homogentisio add, 
appean in the urine. But the urine does not ferment, 
and it darkens on standing, or at once, on the addition 
of alkalis. It may stain the linen brown. When a 
dilute solntitm of ferric boride is allowed to fall, drop 
by drop, into the urine, each drop produess a teansi- 



m PHYSIOLOGICAL PRINCIPLES 


tory deep bine colour. Oohronosis — blackening of the 
cartilages and ligaments, and sometimes of the con* 
junctiTB — ^may occur. Usually there is a chronic 
arthritis also, which may lead to a curious ' goose gait.' 

Other sugars than dextrose may be the cause of the 
reduction. 

(a) Lactose is often present in the urine during 
and on the sudden cessation of lactation, and occa- 
sionally during pregnancy. Any lactose reabsorbed 
from the mammary gland cannot be utilized by the 
tissues because it is a disaccharide, and all carbohy- 
drates must be broken up in the intestines into mono- 
saccharides before they can be assimilated. But ali- 
mentary lactosuria is also very easily produced in 
women who are suckling, showing that their capacity 
for metabolizing lactose is physiologically depressed. 

(b) Pentose exceptionally occurs in the urine. Its 
presence is due to a congenital incapacity to meta- 
bolize the pentose sugars set free in the breakdown of 
nucleo-protein. It may not reduce until the urine 
has been boiled for a few minutes, when the reduction 
takes place suddenly. It does not ferment, and may 
be farther identified by the green colour it gives with 
orcm and hydrochloric acid. It is not a manifestation 
of disease. 

(e) Lnvnlose may be present as well as dextrose in 
alimentary glycosuria. Alimentary lavnlosuria can be 
easily excited in diseases of the liver, the diagnostic 
valne of which has been discussed. 

When equal parts of hot urine and hot Fehling's 
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lolntion are mixed and yield an orange precipitate 
wUhout reboUing, it is almost conclusive evidence of 
the presence of dextrose or lesvalose (Garrod). Bene- 
dict’s test in which 8 drops of urine are added to 
5 0 . 0 . of his solution and boiled for two minutes is 
more sensitive and less open to fallacy. If the solution 
remains clear there is less than 0*1 per cent, of sugar; 
a green opalescence or precipitate means 0*1 to 0*5 per 
cent, of sugar, a yellow precipitate 0*6 to 2 per cent., 
while a red precipitate indicates more than 2 per cent. 
If it be desired to prove beyond a doubt that the 
reduction is due to dextrose, crystals of dextrosazone 
can be prepared by heating 10 o.o. of the urine with 
enough phenyl-hydrazone to cover a sixpence and the 
similar amount of sodium acetate. The reducing 
substance can also be removed by fermentation with 
yeast. 

A normal man can deal with ingested sugar in the 
following ways: 

1. He can store it as glycogen. 

2. He can store it as fat. 

8. He can use it at once for muscular energy. 

4. Any excess that cannot be dealt with in these 
ways will pass out into the urine. Anyone will have 
glycosuria after taking enough sugar at one time. The 
limit of this assimilation for dextrose or cane-sugar is 
150-200 grammes, levulose is 150 grammes, and lactose 
is 120 grammes. This ma^ be considered to be ‘ physio- 
logical glycosuria.’ But glycosuria after any quantity 
of stardh is not physiological. In Nannyn’s phrase, a 

17 
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patient who passee sngar after the frM ingestion of 
starch is virtually a diabetic. 

Even in patients who do not ordinarily pass sugar 
there may be a lowered tolerance for carbohydrates, 
which may precede the glycosuria and outlast it. As 
the kidney is capable of altering its threshold for the 
excretion of sugar, estimation of the urine alone does 
not give us full information as to the metabolic con> 
dition. For this purpose it is necessary to estimate 
the sugar in the blood, which has become even more 
important since the introduction of insulin. 

It will be helpful to consider the ways in which 
glycosuria may be experimentally produced, with the 
clinical counterpart of each. 

1. Phloridzin Poisoning . — ^Phloridzin produces glyco- 
suria by its action on the kidney tubules, for if injected 
into one renal artery the glycosuria occurs sooner, and 
to a more marked degree, on that side; consequently, 
there is no excess of sugar in the , blood, but rather a 
deficiency. At first no clinical equivalent of this was 
known, but now glycosuria with less sugar in the blood 
than normal is well recognized. The excretion of sugar 
generally lies between 1 and 2 per centl, and is very 
little influenced by diet. There are no symptoms, and 
the prognosis is more favourable than in ordinary 
C^yooBuiia. The condition has been called * renal 
glycosuria,’ and it has been compared to that produced 
7 by phloridzin. To recognize it the response of the blood 
to 50 grammes of dextrose must be determined. A single 
estimation showing hypoglyctsmia is not sufficient. 
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2. Exeision (he Pancreas . — Lanoereaux was the 
first to maintain the association of pancreatic disease 
^th diabetes. Intralobular fibrosis is the most 
common change to find in the pancreas in severe 
diabetes. The pancreas may be the site of malignant 
or cystic disease without diabetes. There must be 
a more extensive destruction of the cell-islets than 
usually occurs under such conditions. 

Bose Bradford has recorded a case where a large 
pancreatic tumour was seen at an exploratory laparo- 
tomy; three years later the patient was found to be 
suffering from severe diabetes, and the tumour could 
no longer be detected. I have had a case illustrating 
the converse condition. A woman who had been 
admitted for diabetes returned three years later with 
all the signs of obstruction of the common bile-duct 
and the pancreatic duct. As she was sixty years 
of age, I suspected new growth of the head of the 
pancreas, but under treatment the obstruction dis- 
appeared, though the glycosuria persisted. Such cases 
suggest that diabetes may have a pancreatic origin, 
even though there is no evidence of disease of the glan4. 
at the time the glycosuria is observed. Systematic 
use of the tests for pancreatic insufficiency may in 
future enable more of such cases to be recognized (see 
also Chapter IV.). As Allen puts it, there may be 
sipftll soars showing that ' a storm has passed over 
the islands.' • 

But whether it is always a structural change in 
the panereatio cell-islets that causes ^^betes may 
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be doabted; certainly a eecretory failure of them 
reanlts. 

8. Adrenal Glycosuria . — Injections of adrenalin are 
known to excite glycosuria, as when the drug is used 
for asthma. The chromaffin system, of which the 
adrenals are the most important' part, seems to be 
antagonistic to the pancreas in regard to sugar meta- 
bolism. But this antagonism is expressed in its action 
on the liver, the glycogen stores of which it empties. 
Loewi’s adrenalin eye-test for pancreatic disease, 
already described, is based on this antagonism, and 
may help in determining whether a given case of 
diabetes is pancreatic in origin. 

It has often occurred to me that chronic over-action 
of the adrenals may afford a possible explanation of 
the frequent association of glycosuria with high tension 
in men in later middle life; for both these can be 
produced by excess of adrenalin. The influence of the 
nervous system in inducing this will be referred to 
later. 

4. Thyroid Glycosuria . — ^Thyroid extract can excite 
glycosuria. Myxoedema is associated with increased 
sugar tolerance, while in Graves’ disease sugar toler- 
ance is lowered, and there may be actual glycosuria. 
Hence the myxoedematous patient becomes stout; 
while the sufferer from exophthalmic goitre emaciates; 
but even in myxoedema the administration of thyroid « 
extract may cause glycosuria. Garrod found it in- 
four out of eleven cases. The proper dose of thyroid 
extract in myxoedema is one which does not bwer 
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sugar tolerance appredablj below the normal The 
drug is not suitable for the treatment of obesity, unless 
there is thyroid deficiency, as it may convert a latent 
into an active glycosuria, for many stout subjects 
are on the verge of glycosuria. 

6. Pituitary Glycosuria . — We have already seen that 
the pituitary body is a factor in controlling carbo- 
hydrate metabolism. Recent experiments by J. H. 
Bum show that this is due to a direct inhibitory action 
of pituitrin on insulin, preventing it from reducing 
blood-sugar. In active hyperpituitarism, therefore, 
there is lowered sugar tolerance, and sometimes 
glycosuria. In the cases of primary hypopituitarism, 
known as ‘Frohlich’s syndrome,’ sugar tolerance may 
become very high. The development of this exag- 
gerated sugar tolerance may bo delayed by com- 
pensatory enlargement of the thyroid. 

6. Pwncture Glycosuria . — Recent observations have 
tended to alter considerably the significance attached 
to Claude Bernard’s classical experiments. It was 
soon found that puncture of the fourth ventricle ex- 
cited glycosuria by setting up some nervous irritation, 
which was believed to act directly on the liver. Then 
it was noted that previous section of the splanchnic 
nerve or painting nicotine on the ganglia concerned 
would prevent the puncture from producing its usual 
effect. And now it appears that the nervous impulses 
excited pass, not to the liver direct, but to the adrenals 
and to the pituitary gland, causing them to throw more 
of their secretion into the circulation. In short, 
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punotoie glycosuria is adrenal and pituitary glycosuria. 
The clinical equivalehts of this process are seen in the 
glycosuria of concussion, cerebral tumours, cerebral 
hemorrhage, pineal cysts, and the like. But we must 
remember that now there may be another way in which 
these conditions may excite a temporary glycosuria, 
and that is, by pressing on the pituitary body, and 
squeezing an excess of its secretion into the cerebro* 
spinal fluid. 

I have come across several instances of cerebellar 
hssmorrbage, which, on account of glycosuria, have 
been mistaken for diabetic coma. A man walking 
along the street suddenly felt so faint and giddy that 
he had to cling to some railings. He was taken to a 
doctor, who gave him brandy and injected strychnine, 
whereupon he became unconscious. When he was 
brought to the hospital comatose, the house-physician 
passed a catheter and found sugar in the urine. He 
was treated for diabetic coma by bleeding and infusion 
of alkalies, but died in a few hours. At the post- 
mortem examination the urine in the bladder did not 
contain sugar, and a hesmorrbage was found in one 
lobe of the cerebellum, which had pressed on the fourth 
ventricle. I have seen the same thing in a lenticulo- 
striate hemorrhage, where the blood had been effused 
into all the ventricles. In the case here related the 
sudden onset was unlike that of diabetic coma; but 
the mistake is very liable to occur in hospital practice 
when a patient is brought in already comatose, and ^ 
no dinical history can be obtained. In such drcum- « 
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stances the test for diaoetio add becomes of paramoont 
importance, for it will always be found positive in 
diabetic coma, while it is negative in this type of 
glycosoria. 

7. Aa^yxuH Glycosuria . — In any asphyxial condi- 
tion glycosuria may occur; this is probably the cause 
of post-anesthetic glycosuria, and of the glycosuria of 
tuberculous meningitis, to which Garrod and Frew 
have called attention. It appears when the respira- 
tions are shallow and grouped. The distribution of 
the meningitis does not support the idea that the 
glycosuria results from the pituitary body or the 
medulla being involved. It is more probably due to 
the stimulation of the sympathetic nervous system that 
occurs in asphyxia. 

A number of drugs may excite a temporary glyco- 
suria, but they do not throw any further light on its 
pathology. It is worth while, however, to call atten- 
tion to the special influence of champagne in this 
respect, because nervous persons are apt to fortify 
themselves against the ordeal of life-insurance exami- 
nation by its aid, with results that are distinctly 
unpleasing. 

The hypothesis of the pancreatic origin of diabetes 
may be expressed as follows: The stream of sugar 
entering the portal vein is carried to the liver, but on 
the way it encounters the internal secretion of the 
pancreas, which enables the sugar which is not stored 
directly as glycogen to be utilized by the tissues. 

The discovery of insulin may enable us to determine 
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exactly how this is accomplished. Pavy urged that 
a comparatively small crystalline molecule, like dex> 
trose, would necessarily escape by the kidney unless 
it were linked on to a larger molecule, such as protein. 
The internal secretion of the pancreas may provide 
links for this purpose. This is supported by Allen’s 
observation that whereas sugar acts as a colloid in the 
normal individual, it acts as a crystalloid in the 
diabetic. The linking of the sugar to a larger mole- 
cule would cause it to act as a colloid. Another view 
is that insulin converts ordinary glucose into another 
form in which it can be rapidly assimilated by the 
tissues. 

Even in a healthy person a sudden rush of ingested 
sugar may overtax the supply of insulin, and unpre- 
pared sugar molecules overflow into the urine. If 
inHiilin is somewhat deficient, there will be this over- 
flow after the ingestion of an ordinary carbohydrate 
meal — alimentary glycosuria. If insulin is gravely 
deficient, not only will the sugar from the food appear 
in the urine, but the sugar from the tissues will also 
pass into the urine. The tissues are now in a condition 
of sugar starvation, and in starvation the autolytic 
enzymes come into play. By the breakdown of the 
cells fresh sugar molecules are set free, not merely 
from glyco-proteins, but from amine groups like alanin 
in the true protein molecule. These are equally unable 
to be used by the tissues which need them, because 
insulin is missing. 

But how can we account for diabetes without 
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pancreatic disease? We have seen that the glands 
which control carbohydrate metabolism fall into two 
antagonistic groups. The first consists of the pancreas, 
whose internal secretion promotes the utilization of 
sugar by the tissues, and increases carbohydrate toler- 
ance; the second comprises the thyroid, the pituitary, 
and the suprarenal, the secretion of each of which 
mobilizes the sugar into the blood and diminishes 
carbohydrate tolerance. The second group have two 
other features in common besides this effect on carbo- 
hydrate metabolism: they are all associated with the 
activity of the reproductive organs, and they all have 
their secretion controlled by the sympathetic. It is 
the correlation between this group and the repro- 
ductive glands that accounts for the influence of 
pregnancy in exciting glycosuria. 

The main rdle of carbohydrate in metabolism is to 
provide fuel for muscular energy and to provide for the 
complete combustion of other foodstuffs, particularly 
the fats. 

The pancreas comes into activity when food is being 
prepared for absorption into the body; its external 
secretion is therefore pre-eminently concerned in the 
storage of energy; the internal secretion acts in the 
same direction. The pancreas is anabolic, and, like 
other anabolic activities, is influenced by the vagus, 
though not to the same extent as some of them. And 
as the vagus and the sympathetic are opposite in effect 
when supplied to the same structure, we should expect 
that the sympathetic would be inhibitory to the 
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panoreaa as' it is to other digestive processes. The 

antagonistic group, like other structures controlled by 
the sympathetic, come into action when preparation 
is being made for display of energy. 

Sympathetic stimulation is in the primitive state a 
preliminary to fight or flight. ‘ Emotion moves ns, 
hence the name,' says Sherrington. Perhaps it would 
be more correct to say that emotion should lead to 
movement. But under conditions of civilization the 
response to emotion tends to be repressed, while 
preparations for that response still occur. Among 
these preparations is the mobilization of blood-sugar, 
which is required for the anticipated display of muscular 
energy, since active muscle consumes three and a half 
times as much sugar as resting muscle. 

Nervous energy tends to run in accustomed channels. 
Hence the influence of training. But this equally 
applies when the nervous energy is perverted; the 
emotional stimulus may persist because the natural 
response does not occur and the increased blood-sugar 
becomes habitual. Allen finds that four da3rs or more 
o|, hyperglycsmia are required to produce hydropic 
degeneration of the cell-islets. Once this is accom- 
plished, the assimilation of sugar will be defective. 

It is dear, then, that anything diminiBbing the 
secretion of the pancreas or increasing the secretion 
of its antagonists will lower sugar tolerance and may 
excite frank glycosuria. Now, when any of the 
glands controlling carbohydrate metabolism become 
the seat of organic disease we have seen that there 
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will be other sigos besides the effect on Mrbohydn^te 
metabolism. 

Since improved diagnostic methods of recognizing 
signs of disease in these glands has not led to their , 
being found in an increasing proportion of oases of 
clinical diabetes, the polyglandular hypothesis has been 
put forward to explain diabetes. It was regarded as 
due to a ‘ loss of balance between internal secretions.' 
But how is such a loss of balance brought about ? One 
can understand a loss of balance in a tripod if one leg 
is broken off. When one gland is diseased the anta- 
gonists will show relatively increased activity, just as 
a group of muscles will show contracture when their 
antagonists are paralyzed. But when none of the 
glands are organically diseased, it seems to me that the 
onlyVay in which a loss of balance can be produced is 
through a disturbed innervation. And it is clear that 
sympathetic irritation will at the same time diminish 
the activity of the gland which promotes sugar utili- 
zation, and increase the activity of the group of glands 
which throw sugar into the blood. And this would . 
soon damage the islands. 

It is true that Allen was unable to demonstrate 
experimentally any effect of emotion in producing 
diabetes. But it would be difficult to reproduce 
experimentally in animals the effect of a prolonged 
depretoing emotion on the highly organized nervous 
system of man. That ^complete separation of a pan- 
creatic remnant from its nerve-supply does not lower 
carbohydrate tolerance is beside the mark, for on the 
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hypothesis here suggested the prevention of inhibitory 
impulses would not be expected to do so. 

Mild cases may become grave if deluged with carbo* 
hydrate, while severer cases may acquire a limited 
tolerance for carbohydrate if properly regulated — that 
is to say, the types shade off into one another. This 
suggests some cause which is capable of quantitative 
alteration, such as a varying amount of internal 
secretion. 

That there is a mild stage without symptoms is 
proved by the way in which examiners for life insurance 
find glycosuria in young proposers for policies. There 
seems a carious liability for a potential glycosuria to 
become actual under the stress of examination for life 
insurance, and I have seen several interesting examples 
of this. Sometimes there has been intermittent glyco- 
suria, which later has become permanent. If it bad 
not been for the insurance examination the glyco- 
suria would remain unsuspected in such cases until 
the onset of some marked symptom. It points to the 
conclusion that patients usually suffer from glycosuria 
for some time before symptoms ensue. 

If an examiner for life insurance finds acetone bodies 
present in the urine without sugar, he should |t once 
suspect that dieting has been practised with the view 
of flufthling a glycosuric to pass master. A test-meal 
of 3 ounces of sugar dissolved in water should bll^ven, 
and the urine tested again an hour later. This is 
useful also in oases of suspected alimentary glycosuria 
without the question of attempted fraud. 
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There would be general agreement, I suppoee, in 
designating the following as examples of mild and 
severe cases of glycosuria respectively. It would be a 
mild case if the patient were over forty and not wast- 
ing, his tongue not raw, though perhaps covered with 
a black ' hairy ’ fur. The urine would contain no 
acetone bodies. Restriction of the diet would cause 
sugar to disappear quickly; probably acetone bodies 
would make a brief and slight appearance now, but so 
they would in anyone on a suddenly restricted diet. 
Exercise would cause a di m inution of the glycosuria, 
which shows that sugar could still be utilized by the 
tissues. A typically severe case would be one in a 
patient under thirty, who was wasting and had a raw 
‘ beefy ’ tongue. The knee-jerks might be absent. 
Diacetic acid would be present in the urine, and 
sugar still present on a restricted diet. Acetone and 
diacetic acid would be markedly and persistently in- 
creased by a sudden restriction of carbohydrates if 
proteins and fats were freely taken, and exercise 
would cause an increase in the glycosuria, indicating 
that the body was unable to utilize even the sugar set 
free from the breakdown of its own tissues. 

If we had merely to deal with two such distinct 
classes as these, it would be easy. But, unfortunately 
for the classifier, all shades of intermediate oases are 
met vfith. 

/lamriaHon o! Albomtnnria with Glyoosarla.— There 
are two conditions in which we may meet with both 
albuminuria and glycosuria, and the relative impor- 
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tance of the abnormal oonstitnents of the urine is quite 
different in each. 

' (a) A patient ndth granular kidney may have glyoo 
Buria, more usually of the amenable type, and some- 
times associated ^th a low blood-sugar. 1 have seen 
a striking example of the way in which the glycosuria 
may mask the more important symptoms of the 
nephritis. A man who had both albumen and sugar 
in bis urine developed tingling, numbness, and some 
loss of power in the left side, and became drowsy. 
His doctor feared that diabetic coma was impending. 
When, however, I found that there was no diacetic 
acid in the urine, but that the volume of the urine 
was diminishing, that the blood-pressure was high, 
and the aortic second sound was greatly accentuated, 
I concluded that it was uremia rather than diabetic 
coma that was to be feared. Vigorous treatment was 
directed towards lowering the vascular tension, and 
the glycosuria was ignored for the time being. Rapid 
improvement followed. 

(b) Prolonged glycosuria almost inevitably leads to 
albuminuria in time. Pavy regards it as the result 
of irritation of the kidney. As long as it does not cause 
a rise of blood-pressure, cardiac hypertrophy, or other 
evidence of arteriosclerosis, one need not trouble very 
much about the albuminuria. The treatment is merely 
that of the glycosuria. 

The condition of the vascu^ system and the di- 
aoetio reaction will be a better guide than the amount 
of the sugar compared with the amount of albumen. 
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The appearance of casta in the nrine of a diabetic 
should, howeyer, always be regarded as serious, and 
possibly prognostic of coma. 

Treatment of Diabetes. 

The treatment of diabetes has been enormously 
improved by alimentary rest and insulin. We now 
know that diabetes is characterized by a wasteful 
metabolism. Incidentally sympathetic irritation means 
increased katabolism and diminished anabolism. Now 
the quickest method of forcing metabolism to adopt 
economical lines is to cut off supplies. To realize this, 
one has only to note the quick fall of nitrogenous 
output as soon as no food protein is taken. Yet the 
old method of treatment in diabetes was greatly to 
increase the amount of protein in the food, thus 
throwing fuel into the flames. For excess of protein 
is a great quickener of all metabolic processes. One 
lesson we all had to learn from the war is that we can 
balance our metabolism at a much lower level than 
we previously thought possible. And what was but 
a passing phase for the normal individual must remain 
a permanent state for the diabetic. Until insulin was 
introduced it was necessary for him to be permanently 
endued. If he could balance his metabolism when 
the calorie value of his food was adequate to maintain 
life and a fair display of energy, the outlook was fairly 
good; if he could not acquire a balance until the intake 
was reduced too much for this, the outlook was bad. 
This was the raiionale of the fasting treatment of 
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diabetes. It was not difficult temporarily to rid the 
urine of sugar, but it might be difficult — ^nay, im- 
possible — to keep it free when the diet was increased 
to anything like the level to maintain life. It will 
be noted that this treatment did not attack the under- 
lying cause of the disease, nor is it yet clear that even 
insulin does so. Indeed, the disease often progresses, 
though usually more slowly, during the treatment. 

It may be said at once that insulin does not dispense 
with the necessity for dietetic treatment, and it will 
therefore be convenient to describe the modem prin- 
ciple of dieting in the first place, subsequently con- 
sidering the way in which insulin can reinforce this. 

The value of intercalated fast- days in the treat- 
ment of diabetes has been known for some years. 
The credit for the initial step must be given to Guelpa, 
though the premises on which he founded his fasting 
treatment were incorrect. Von Noorden, in addition 
to using a modified fasting treatment, introduced days 
of egg and green vegetable diet. This was originally 
merely an adjunct to his oatmeal cure, but later 
observations have shown that the adjunct was more 
important than the cure itself. Both treatments 
laboured under the disadvantage that they did not 
form part of a systematic plan. The building up 
of the diet on a regular plan, after the fast, was inde- 
pendently arrived at by Allen in America, and by 
Graham, in London, at St. Bartholomew’s Hospital. 
Unfortunately the war delayed the publication of 
Graham’s results in any comprehensive form. The 
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principal difference between them is that Allen pre- 
scribes a long fast until the urine is free from sugar, 
and then adds carbohydrate in the form of green 
vegetable accompanied by very little protein; whereas 
Graham adopts the plan of a short mitigated fast of 
48 hours’ duration, followed by a much more speedy 
addition of protein than in Allen’s scheme. My 
experience is chiefly based on Graham’s method, but 
my general impression is that, whereas Allen’s method 
may get rid of glycosuria more quickly, Graham’s 
is less likely to affect the general health injuriously. 
The great advantages of their methods are: 

(1) Treatment is materially shortened. Formerly 
one dare not reduce the intake of carbohydrate too 
rapidly because of the risks of ketosis. 

(2) Simultaneously with the reduction of glycosuria 
there is a reduction in ketosis. Whereas anyone 
develops ketosis during fasting, in the diabetic this 
is greatly reduced by fasting, showing that the greater 
part of it comes from the fat and the fatty acid groups 
in the excessive protein diet. 

(8) The ultimate results were greatly improved. 
Poulton showed in his Goulstonian Lectures for 1918 
that formerly 16*9 per cent, of the cases were fatal 
during the first year of the disease; by this method 
only 6*6 per cent, died in the first year. Formerly 
the average mortality rate was 2S per cent, of all cases 
admitted — ^in 1918 it wasJ7*7 per cent. The ordinary 
hospital case was comparatively infrequently made 
sugar-free for even a single day by the older methods. 
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only 9*8 per cent, being thus freed, as against 78’6 per 
cent. A patient treated by alimentary rest within 
three months of the onset had a 75 per cent, chance of 
being rendered sugar-free indefinitely. 

(4) The determination of the sugar tolerance was 
greatly simplified. Having worked the diet up to a 
certain level, and the urine remaining free from sugar, 
it was possible to increase the intake of carbohydrates 
daily until sugar just returned to the urine. The 
sugar tolerance could then be easily calculated and 
the diet drawn up so as to keep definitely helow this 
level. 

I will give, in some detail, Graham’s plan, which I 
prefer. 

GRAHAM’S METHOD 
{Slighfiy Modified.) 

Two Hukobb Dats. 

Tea and coffee, with a little cream or milk, and a pint of 
Bovril, beef-tea, or clear soup, made without vcgetahlee; divided 
into two equal portions. Water or lemonade, sweetened with 
saocharine, can be taken ad Ub. 

The patient should be encouraged to take plenty of fluid. 

Two VnonTABLn and Eoo Days. 

Brealfatt . — ^Two eggs, scrambled with ^ ounce of butter. 
Tea or coffee, with a little cream or milk; 2 ounces of lettuoe, 
watercress, or tomato. 

Laneh , — | pint of Bovril, beef-tea, or clear soup; 1 poached 
egg on spinach; any vegetables from list below with } ounce 
of butter. The total aqiount of vegetables for the meal to 
be 6 to 8 ounces. •' 

Tea . — ^Tea or coffee, with a little milk or cream; 2 ounces ot 
lettuce, watercress, tomato, or celery. 
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Dinner . — } pint of Bovzil, beef-tea. or clear sonp ; 2 egga. 
cooked as desired— e.g., as savouiy omelette; 6 to 8 ounces of 
green vegetables with 1 ounce of butter; water or lemonade 
as desired. 

This diet has a calorie value of 820. and a carbohydrate intake 
of about 10 grammes. 

List of Veqbtables which mat bb Takin. 

Asparagus, broccob*. brussels sprouts, cabbage, caubflower. 
celery, cucumber, endive. French beans, lettuce, leeks, radishes, 
sea-kale, spinach, tomato, vegetable marrow, watercress. 

Laddbb Diet. 

After two vegetable and egg days, add 4 ounces of fish. This 
raises the calorie value to about 020. 

Two days later, add 2 ounces of bacon at breakfast and omit 
one The calorie value is now 1105. 

Two days later, add 2 ounces of sardines at lunch, and omit 
one egg. The calorie value is now 1335. 

Two days later, add 2 ounces of ham, and omit another egg. 
The calorie value is now 1545. 

Two days later, add 4 ounces of meat, divided into two meals, 
and omit the fish. The calorie value is now 1745. 

This diet is generally known as the ' Ladder Diet.' 
and it will be noticed that it takes twelve days to 
reach the top of the ladder. 

In general terms, I give two consecutive vegetable 
and egg days once a fortnight, preceded by two 
hanger days once a month if sugar is present, return* 
ing to the standard diet, as determined for the par- 
ticular patient, immediately after these days. But 
the details of the after-tfeatment must depend on 
the individual case. Best in bed is advisable, at any 
rate till the calorie value of the food reaches 1700. 
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There is one main defect in this method: it is pnrelj 
conservative. In many instances where it is applied 
sufficiently early the disease appears to be arrested, 
but the patient’s existence is but a crippled one. 
Too often, however, the blood-sugar continues to 
rise, even though a coincident rise in the kidney 
threshold prevents glycosuria. The hyperglycsmia 
wears out the cell-islets which means that ultimately 
the disease must progress. 

This is where insulin is such a help; for by keeping 
the blood-sugar within reasonable limits, it allows of 
adequate nourishment while the cell-islets have a chance 
of recovery. That the cell-islets have some power of 
recuperation, if not overtaxed, Allen’s recent experi- 
ments prove. 

The plan I adopt is as follows: the patient goes 
through the above course of diet. If he is free from 
glycosuria at the top of the ladder the blood-sugar is 
estimated three hours after a meal. If this exceeds 
0*18 per cent, he is a suitable case for insulin. Below 
that figure I continue simply with dietetic measures. 
If sugar returns to the urine before the top of the 
ladder is reached, the blood-sugar is estimated, and 
if, as is almost certain to be the case, there is hyper^ 
glycsmia, insulin treatment is begun. 

The best plan is to estimate the blood-sugar just 
before and six hours after the dose of insulin, since 
this is the length of time the drug continues to exert 
its effect. I give 10 units hypodermically as the 
initial dose. From the degree of the drop in the blood- 
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sugar it can be gauged whether this is appropriate. 
Where repeated examinations of the blood are not 
practicable, the following plan serves as a guide : If 
the urine passed in the three hours before the next 
dose is due contains a little sugar, there is no risk of 
overdosage, and the quantity can be increased unit 
by unit until there is no glycosuria. If this point is 
not reached when 16 units are given before breakfast 
or lunch, 6 to 10 units are also given before tea or 
at 7 p.m., six hours being allowed to elapse between 
the doses. When the patient has been free from 
glycosuria for about a fortnight, there are two alterna- 
tives, either to increase the food or to diminish the 
dose. If the calorie value of the food is adequate, 
and the patient’s weight is maintained, the dose can be 
diminished. If not, the amount of food should be 
increased while the same dose is maintained. I do 
not give insulin on the hunger days. 

The aim of treatment being to prevent the blood- 
sugar ever becoming excessive, it is clear that only 
by repeated estimations can we be certain of this. 
But with increasing experience fewer tests are needed. 

It is true that insulin allows of the assimilation of 
more carbohydrate. But this does not mean that it 
is advisable. In one patient of mine a blood-sugar 
of 0*18 per cent, was raised at once to 0*247 per cent, 
by exceeding the allowance of porridge, of which he 
was most anxious not to be entirely deprived. Qraham 
is of opinion that if anything approximating a cure 
is to be expected, no carbohydrate other than that in 
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the vegetables should be allow^ until the morning 
blood'Sugar has been normal for three or four weeks. 
There is less objection to this as the risk of ketosis 
is greatly diminished by insulin treatment, since it 
leads to the more complete combustion of fat, pro* 
sumably by promoting the assimilation of the sugar 
fractions in the protein molecule. Used in this way 
it is very unlikely that any ill results will follow the 
use of insulin. It is always advisable to give it just 
before a meal. The rapid assimilation that follows 
may excite considerable hunger pain, which pre> 
sumably means that the blood-sugar is falling rapidly. 
It is a wise precaution to enjoin rest for six hours after 
the first dose. The first sign of intolerance is sweating, 
but subjective discomforts, including some mental 
confusion, are occasionally complained of. So far I 
have never had to resort to administration of dextrose, 
and with carefully controlled dosage this should seldom 
be « necessary. The method of going about with a 
syringe full of iwHnlin in one hand and a stick of 
barley sugar in the other carries its own condemnation 
with it. It will sometimes be found that sufferers 
from chronic diabetes with a high threshold will not 
stand a rapid reduction in their blood-sugar. They 
become uncomfortable at once, and we must proceed 
gradually. But in oases of impending or actual cotta 
we ttust act boldly. 

Thus in a case under m^ care, admitted in deep 
coma, Graham gave 80 units at once, and 110 units 
in the first twenty-four hours. This case also showed 



TREATMENT OF DIABETES 


279 


the inflaence of focal sepsis in raising blood-sagar, 
for after a time insulin did not control the hyper* 
glycsemia. Otitis media was discovered and the 
drum punctured. With the escape of pus the blood- 
sugar fell again. Although his alveolar air was only 
0*9 per cent, on admission he ultimately recovered. 

The body normally reacts to sepsis by mobilization 
of blood-sugar, with the object of exciting pyrexia 
and thus combating the sepsis. But when the assimi- 
lation of carbohydrate is impaired, this merely in- 
creases the hyperglycemia. The observed inflaence 
of focal sepsis in lowering carbohydrate tolerance is 
thus intelligible. 

When it is decided that relaxations may bo allowed, 
100 O.O. of milk (=4 grammes of carbohydrate) should, 
be added, and then, two days later, 10 grammes of 
bread (—6 grammes of carbohydrate). Increase by 
the same quantity of bread every other day until the 
limit of carbohydrate tolerance is reached or, the 
blood-sugar shows a tendency to rise. Then inter- 
polate a day of vegetable and egg diet and return to 
the former diet with only three-quarters of the amount 
of carbohydrate on which sugar reappeared. 

It will be noted that the modem treatment of 
diabetes does not really diminish our difficulties with 
regard to bread. As Osier says: * Most of the gluten 
breads are unpalatable, and the rest are frauds.’ I 
distrust all diabetic breads for which, while it is 
admitted that they ore not carbohydrate free, it is 
daimed that they can be assimilated by the diabetic. 
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I have frequently found that Buoh claims are unjusti- 
fied, and the patient, believing that he can take such 
bread freely, often increases his glycosuria. 

Some such breads contain very little less carbo- 
hydrate than ordinary bread, and are, of course, much 
more expensive. On the other hand, a bread which is 
really free from starch, such as Gallard’s Gasoid (or 
their Kalari biscuits), is very rich in protein, and on the 
modern plan of regulating protein intake this offers 
difficulties. An ounce of their new Gasoid bread con- 
tains about 9 grammes of protein, and this must be taken 
into account in constructing the dietary. Allen and 
Hanbury’s diabetic flour, which is caseinogen, may be 
used in a similar way. 

On the whole, it is better to accustom the patient, 
if possible, to do without bread and get the required 
bulk of food from green vegetables, and then to allow 
the small amount of ordinary bread permitted by the 
carbohydrate tolerance when it has been determined. 

In order to afford some variety in the diet I am 
accustomed to give the patient a table of carbohydrate 
equivalents, and to state the total amount of carbo- 
hydrates permitted. 

Tabu or Cabbohxdbati Equivalxhts. 


Oranme. 

Thus: Carbohydrate. 

Bread, 1 ounoe =16. 

Potato, 1 ounce = 8. 

Milk, 6 ounces . . . . = 0. 

Green peas, 2 ounces =10. 

Apples, 2 ounces =10. 

Artichoke, 2 ounces = 8. 
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It, for example, the patient’s carbohydrate tolerance 
has been determined as 60 grammes per day, allowing for 
the fact that the * carbohydrate free ’ diet contains 10 
grammes of carbohydrate, the patient is allowed to select 
not more than 40 grammes from any of the articles in 
the above table. Sudden relaxations in diet are always 
dangerous. 

The improved treatment of diabetes renders it 
seldom necessary to give drugs. Codein appears to 
act by generally slowing metabolism. I only employ 
it when the plan detailed above has failed to keep 
the urine free from sugar. Even then I do not give 
it if there is only a truce of sugar, nor do I give it 
upon the hunger days or on the days of egg and 
vegetable diet. The dose starts with ^ grain three 
times a day, and there is no advantage in increasing 
it above a grain three times a day. If it does not 
definitely diminish glycosuria, I do not continue it. 
It appears to be more effective in the older patients 
with a mild degree of the disease. I have not been 
favourably impressed with the effect of pancreatic 
extracts given by the mouth. The question of giving 
alkalies is discussed under Ketosis. 

If it be objected that I have not succeeded in draw- 
ing a sharp line of distinction between the cases of 
mild glycosuria and severe diabetes, my plea must be 
that Nature has not done so; it is important to realize 
that a carbohydrate dqbauch may precipitate a mild 
and amenable case into the severe category, while 
systematic efforts to raise the level of tolerance and 



282 PHYSIOLOGICAL PRINCIPLES 

to regulate the blood-Bugar may be rewarded by an 
apparently severe case becoming much milder in type. 
There is now reason to hope that in this way partial 
recovery of the cell-islets is possible. With the 
improved prognosis which alimentary rest and insulin 
give there is much more encouragement to be patient 
and persistent in our treatment of diabetes. 



CHAPTER X 

ACIDAiMIA AND KETOSIS 

It has long been known that diaoetic acid appears in 
the urine, and acetone in the breath of a diabetic 
patient who is progressing unfavourably. But it is 
now recognized that this symptom appears in many 
other conditions, such as the recurrent vomiting 
of children, the pernicious vomiting of pregnancy, 
broncho- pneumonia, fevers, carcinoma of the digestive 
organs, rectal feeding, and after anesthetics. 

What general significance is to be attached to a 
symptom occurring under conditions apparently so 
diverse ? 

L The Signiflcanoe ol Ketosis in Diabetes. 

Acetone comes from the decomposition of diacetio 
add. The odour, variously compared with that of 
hay or of apples, is due to diacetic acid rather than to 
the acetone, which has a more penetrating smell. 

It follows that the recognition of diacetio acid in 
the urine is of greater importance than the detection 
of acetone, its decomposition product. On the addi- 
tion of ferric chloride, a claret colour results, which 
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(unlike the somewhat similar colour seen on addition 
of this reagent to the nrine of patients taking sali- 
cylates or carbolic acid^ does not appear if the urine 
has been previously boiled. A more sensitive test 
for diaoetic acid is to add a few drops of a freshly pre- 
pared solution of sodium nitro-prusside to the urine, 
and then pour some strong solution of ammonia on 
the top. A magenta- coloured ring appears at the line 
of contact, and diffuses upwards. As shown by 
Bothera, the addition of crystals of ammonium sul- 
phate makes the reaction still more sensitive. This 
test was formerly thought to show the presence of 
acetone till Hurtley proved its real significance. 

According to Hurtley the liver converts some of 
this diaoetic acid into the more saturated and less to^pc 
)9-oxybutyric acid.* The chemical relationship be- 
tween these substances is expressed thus: 

CH3GHOH CH2 COOH =j9-oxybntyrio acid. 

CH3CO CH3 GOOH =Diacetio acid. 

CH3CO CH3 = Acetone. 

The terms ketosis and ketonuria are conveniently 
applied to the presence of these substances in the blood 
and urine respectively. What is their source ? 

The sudden and complete withdrawal of carbo- 
hydrates from an otherwise liberal diet is known to 

* There is no convenient clinical test for this acid. The usual 
method is, after fermentation to remove the sugar, to distil the ^ 
concentrated urine with strong sulphuric acid, and to examine 
the distillate for crystals of a-crotonio acid. jS-oxybutyrio acid 
is also Iffivorotatoiy. 
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be dangerooB in diabetes. It is followed by nausea, 
vomiting, loss of weight, the odour of acetone in the 
breath, the presence of diacetic acid in the urine, and 
a great increase in the amount of ammonia in the 
urine. Though the total amount of nitrogen is not 
altered, the ammonia is greatly increased. Signs of 
coma may also occur. In one case it is recorded that 
the ammonia increased from 7 to 29 per cent., and 
that the blood also became less alkaline. Then the 
patient was given more carbohydrates, and these 
symptoms disappeared. A great improvement took 
place in the general condition of the patient, including 
the disappearance of the smell of acetone in the breath 
and the diminution of the ferric chloride reaction of 
the urine, although there was no marked change in 
the amount of sugar excreted in the urine. 

It is therefore clear that these bodies do not come 
from carbohydrates, because carbohydrates diminish 
the amount of them in the urine. Do they come 
from protein or from fat? Both views have been 
held, but protein cannot be the main source, for the 
excretion is not accompanied by a proportionate 
increase in the excretion of nitrogen and sulphur. 

It is possible, however, that some of the fatty acid 
groups in protein, such as leucin, can give rise to acetone 
bodies. It has been shown that leucin increased the 
output of both acetone and /3-oxybutyrio acid in a dia* 
betic and in a normal ^an deprived of carbohydrates. 

But it is to the fat chiefly we must look as the 
source of the acetone bodies. 
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Geelmnyden and others prodnoed ketosis in healthy 
persons by a fatty diet. In one ease the sole diet 
daily for five days was 250 grammes of batter, 200 
grammes of oil, and a little vdne. ^S-oxybutyrio acid, 
diacetio acid, and acetone were then as abundant 
in the nrine as in the severest oases of diabetes, while 
87 per cent, of the total nitrogen was in the form of 
ammonia. 

The Ekment of Starvation . — Anyone can produce 
ketosis by starving himself. In some diseases asso- 
ciated with ketosis the element of starvation is obvious 
— for instance, in carcinoma of the digestive organs, 
certain febrile conditions, and rectal feeding. A 
wasting diabetic is being starved also from inability 
to metabolize carbohydrate. 

Of all the tissues, the fat loses most in starvation, 
the more noble organs being fed at the expense of the 
less essential ones. To effect this, the fat must be 
broken down, in the course of which fatty acids would 
be set free. If fat has been got rid of previously, 
acetonuria is not so marked a feature of starvation, 
while a fatty diet accentuates it. 

An easily assimilable food, such as dextrose, leads 
to a prompt diminution or disappearance of the acetone 
bodies. That the acetonuria of febrile conditions 
could be largely inhibited by supplying the wasting 
tissues with carbohydrates von Noorden proved as 
follows: In two oases of typhoid ^ever, he gave patient A 
a diet with very little carbohydrate in it, and patient B 
one with plenty of carbohydrate. A had a marked 
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diacetic reaction, and B only a trace of acetone. After 
a few days the diet was reversed, with the restdt that ' 
the former showed only a trace of acetone, and the 
latter a well-marked diacetic reaction. Meyer has 
made similar observations on children suffering from 
various acute infectious fevers. Halpem has recorded 
the case of a man with an oesophageal stricture, whose 
only food for twenty-six days was 80 grammes of grape 
sugar per rectum, yet his urine contained no acetone or 
diacetic acid. The quantity of carbohydrate sufiScient 
to abolish the acetone bodies from the urine does not 
supply so much energy as was being provided by the 
fats, so that the carbohydrate does not merely act as 
a fat-sparer. 

Von Noorden attributes the rdle of carbohydrates 
in preventing ketosis to their relative abundance in 
oxygen, which is drawn upon to complete the break- 
down of the tissues into GO, and water. In their 
absence the less completely oxidized fatty acids appear. 
Zeller showed that it was necessary for one molecule 
of carbohydrate to be metabolized to lead to the con- 
sumption of two molecules of fat without ketosis. 

In Bosenfeld's phrase, fats are consumed in the fire 
of the carbohydrates. Ketosis has been called the 
smoke from the fires of metabolism. 

Other substances besides carbohydrates, however, 
such as alcohol, tartaric, citric, and glutaric acids, all 
seem capable of diminislyng the output of the acetone 
bodies to a limited extent. The benefit of citrates in 
diabetic ketosis has been explained as due to their 
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neutralizing the abnormal acids by becoming bicarbo- 
nates in the blood. But apparently this is not the 
only way in which they act. 

To sununarize— the ketosis of diabetes is due to the 
abnorm^ breakdown of fats necessitated by non* 
utilization of carbohydrates. 


n. On Acidosis in General. 

To appreciate the significance of ketosis and acidemia 
in general, it is necessary to consider the equilibrium 
between acids and bases in the blood. The subject is 
still controversial, and only such aspects of it as have 
a direct clinical bearing will be touched on. 

Acidemia has been defined by Barcroft as an in- 
crease of acid relative to basic radicles in the blood, 
CO| not being considered. It may be produced, 
therefore, either by excess of various acids, such as 
diacetic and lactic, or by defect of alkaline salts. It 
may be physiological — thus if there be a lack of oxygen, 
lactic acid is produced, which, like other acids, stimu- 
lates the respiratory centre to increased exertion, with 
resulting more vigorous ventilation of the lungs. This 
is seen in the acidemia which occurs when exercise is 
taken, whereby increased oxygen intake is provided. 
Physiological acidemia also occurs at high altitudes, 
when, although the body is at rest, there is anoxemia 
from the lowered pressure of oxygen in the atmosphere. 

Hasselbsdch showed that in this case the urine 
became more alkaline, and the formation of ammonia 
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from tissue proteins was diminished. He attributed 
this to an adaptive mechanism on the part of the 
kidney, which, by excretion of alkali, increased the 
fixed acids in the blood. Haldane and others have 
shown, however, that it is more probable that anoxsmia 
caused an over-ventilation of the lungs which led to 
excessive elimination of GO,. Hence the blood would 
tend to become more alkaline, unless this was rectified 
by less ammonia formation and a more alkaline urine. 
On this view anoxaemia tends to upset the balance 
in the direction of alkalsemia rather than of aoidaemia, 
which has to be compensated for. This may also 
occur in the dyspnoea of heart disease, where the 
stimulus to the respiratory centre would appear to 
be the oxygen want resulting from capillary stasis. 

When acidtcmia results from some pathological 
condition which actually increases the production of 
acid, it may be compensated or uncompensated. It 
can be compensated for by (1) increased ventilation of 
the lungs, which diminishes the amount of GO, in the 
blood; (2) increased excretion of acid phosphates; 
(8) increased formation of ammonia from the tissue 
proteins. Therefore, pathological acideemia can be 
recognized by the increased excretion both of acid and 
of ammonia, while in physiological acidsmia both 
would be diminished in the urine. 

If the acidsBmia is uncompensated, toxic symptoms 
may result, simply from excess of acid radicles in the 
blood. If an animal were intravenously injected with 
a sufficient amount of dilate solution of hydrochloric 

19 ' 
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add it would be possible to render ij;^ blood Mtually 
add, and death might be due to this alone; this 
would rightly be called ‘ add ' intoxication. But 
if, for instance, dilute hydrocyanic acid were used, 
death would occur before any perceptible alteration 
in the reaction of the blood had occurred, owing to 
the specific poisonous character of the acid. Which 
of these two factors is responsible for diabetic 
coma? 

The similarity between the poisoning of dogs by 
injection of acids and the phenomena of diabetic coma 
is very groat. In both there is greatly increased 
respiration, rapid pulse, increased ammonia excretion, 
and diminished GO| in the blood. But whereas in 
dogs the condition can be rapidly improved by ad- 
ministering alkalies, this treatment is most disappoint- 
ing in diabetic coma. Favy held that the acidity of 
the blood in diabetic coma reduced its capacity for 
carrying CO, which, accumulating in the tissues, caused 
narcosis. But in that case the increased CO, tension in 
the renal cells, for instance, would be communicated 
to the urine, and this does not occur. Foulton dete^ 
mined the hydrogen-ion concentration of the blood 
to be normal in seven diabetic patients who were 
definitely drowsy. These facts show that, though 
abnormal acids are present in diabetic coma, mere 
acidity is not responsible, and the acidsmia is indeed, 
often compensated. We are^thrown back on the other 
explanation that the coma is due to the specific 
poisonous action of some acid. 
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Yet another condition is possible: aoidemia may be 
over-compensated. Certain snbstanoee containing the 
group GOH=CH were shown by Hartley and Trevan 
to have a stimulating action on the respiratory centre, 
quite apart from any acid reaction they may possess. 
This would cause hyperpnoea, with consequent washing 
out of CO, from the blood, so that its alkalinity might 
in fact be increased. This has actually been observed 
by Van Slyke. Diacetic acid contains this group, and 
sodium diacetate may produce a hyperpnoea out of all 
proportion to the amount of acid present. Hartley, 
therefore, refers diabetic coma to the poisonous effect 
of diacetic acid, and not to its acidity. 

It must be confessed that non-diabetic ketosis is 
very seldom really toxic in its effect, though, of course, 
toxic symptoms may coexist with it. In some oases 
ketosis is evidently secondary to starvation, as already 
stated. (Esophageal or gastric carcinoma, cyclical 
vomiting in children, and pernicious vomiting in 
pregnancy are examples of this. In eclampsia and 
post-anssthetio poisoning there are severe toxic 
symptoms probably doe to interference with the 
oxidases of the liver, but the ketosis is only one and 
probably not the most important manifestation of this. 
In orsmia there is an acidosis which is at first com- 
pensated, but which becomes uncompensated, when 
the dyspnoea at rest becomes at all marked. Lewis 
and Baroroft showed that it was associated with the 
presence of some non-volatile add. I should agree 
with Marriott and Howland that it is due to the failure 
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of the kidney to excrete acid phosphates. In cardio- 
renal oases the factors of this excretory failure and of 
oxygen want will both be operative. 


m. Symptoms Associated with Addsemia and Ketosis 
Intoxication. 

(a) In Diabetes . — The cardinal symptoms have 
already been dealt with, when considering the effect 
on a diabetic of sudden deprivation of carbohydrates. 
But milder manifestations of this sort are not in- 
frequent in the more amenable type of diabetes. If 
' bilious attacks,’ accompanied by some drowsiness, 
occur, they will usually be found to be assodated 
with the appearance of acetone and diacetic add in 
the urine, though these bodies may have been pre- 
viously absent. 

The ordinary symptoms of diabetic coma are too well 
known to need restatement. What is not so generally 
known is that the over-compensation resulting from 
the stimulation of the respiratory centre causes a 
drop in the GOj of the alveolar air to a point below the 
normal 6 per cent. Analysis of the alveolar air may 
lead therefore to a recognition of the impending 
danger, before air hanger is obvious. I should like 
to call attention to the inffuence of excitement, fatigue, 
constipation, and carbundes in indudng coma in the 
diabetic, and to the frequency of severe pain in the 
throat or epigastrium just before it occurs. Foulton 
lays stress on the effect of diacetic poisoning on the 
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oiroalation, as shown in the weak pulse and empty 
condition of the veins. 

(6) In Beeurrent Vomiting . — In 1882, Gee described 
cases of fitful and recurrent vo miting of unknown 
causation in children. Later observers noted acetone 
in the breath, urine, and vomit. Diacetio acid and 
ozybutyric acid have also been found when looked for. 
The analysis of fifty-five oases by Batty Shaw and 
Tribe gives the following clinical features: The oases 
usually occur between three and eleven years of age. 
The frequency of the attacks is very variable, a 
common interval being three months. There may be 
a prodromal period, in which dyspnoea, sighing respiror 
tions, offensive breath, choreic movements, and general 
restlessness have been noted. The tongue may either 
be coated or clean. Then vomiting begins, without 
nausea, and usually without gastric pain, all food is 
rejected, and towards the end of the attack bile appears, 
sometimes even blood. Constipation is common. The 
attacks may last only a few hours, but the average 
duration is five or six days. It is the rule for fever to 
occur during the attacks of vomiting. Wasting is often 
a very marked symptom. In later life these attacks 
are sometimes replaced by migraine, but they tend to 
disappear when puberty is reached. Three of the fifty- 
five cases were fatal. A mild degree of such a con- 
dition is, I believe, quite common in children, and I 
would venture to suggest Jthat ‘ biliousness,’ which, as 
Gee said, is a real state, a very common state, but a 
state that is little understood, is also of this character. 
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In Bome oases the appendix is responsible; in others 
there may be bacilluria. Probably the liver is pat (tat 
of work by some toxin, and in many oases this toxin 
may be dae to the B. coli whioh has invaded the biliary 
passages, or to the B. aminophUiu, whioh oan form 
poisons from histidine. This woold explain why the 
prompt use of a merourial purge may ward off an attaoL 
When onoe the liver fails to do its work, the tissues are 
starved, and, in their autolysis, produoe these abnormal 
aoids. The vomiting aoeentuates the oondition by 
inoreasing the starvation and the loss of saline bases. 

(c) InUhePemidoua Vomiting oj Pregnancy . — ^Though 
the pemioious vomiting of pregnanoy may be due in 
some oases to mechanical causes, such as displacement 
of the uterus, the majority are due to neurotic causes. 
There probably remains, however, a more serious group 
in which a toxtemia is responsible. In these toxesmio 
oases, necrosis and degeneration of the central portion 
of the liver lobule, and necrosis of the excretory portions 
of the kidney, have been found by Whitridge Williams. 
He found also a striking increase in the percentage of 
nitrogen eliminated as ammonia, whioh, compared with 
the total nitrogen of the urine, amounted to 16, 82, or 
even 46 per cent., instead of the normal 8 to 6 per cent. 
He suggested that this might be due either to failure 
of urea formation in the liver, or to the attempt to 
neutralize acid intoxication. 

Dr. Helen Baldwin found^^in such a case, that the 
urine yielded a marked reaction for acetone and 
diaoetio add, but no sugar. The patient’s oondition 
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was BO serious that labour was induced. After this 
the abnormal acids diminished, until only acetone 
was found. On the tenth day after the induction of 
labour there was a return of severe headache, nausea, 
and vomiting, and it was noteworthy that, on this 
day, diacetic acid was again found in the urine. After 
this recovery was uninterrupted. 

But Williams’ interpretation of these facts is open 
to several objections. A very small proportion of the 
liver substance is sufficient to carry out the conver- 
sion of ammonia into urea. Extensive necroses have 
been ' produced experimentally in the liver without 
raising the percentage of ammonia. 

In starvation from any cause the percentage of 
ftTTiinmiiA, increases, mainly because of diminished urea 
excretion, which must occur since so much of the urea 
is derived directly from the nitrogenous food. Thus, 
the total nitrogen output in Williams’ cases was lower 
tbftn that found by Catbcart in his fasting man and 
that which I have found in oases of hamatemesis , 
receiving saline enemata only. Now the absolute 
amount of ammonia nitrogen in Williams’ first case 
during the vomiting was 1'44 grammes, while a month 
after labour had been induced it was 1*21 grammes. 
These differences are not so great as those observed by 
Catbcart in a professional faster, in whom the ammonia 
nitrogen was 0*6 gramme before and 1*4 grammes 
during the fast. 

When ftniTnnnia, ig expressed in percentages, these , 
important facts are obscured, and an ammonia oo- ''' 
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efficient reaching to 82 or 46 per cent, is apt to acquire 
an undeserved significance. 

Leathes puts it very fairly when he says: ' Before 
it can be safely maintained that these high figures 
are a sign in themselves of a toxemia that is likely 
to prove fatal unless the most active measures be 
taken, it is necessary to prove that they are not 
sufficiently accounted for by some of the attendant 
circumstances of the patient’s condition— the low 
nitrogen content of the absorbed food, the imperfect 
nutrition due to the incessant vomiting, the loss of 
alkali in the vomit, aggravated possibly by the re- 
quirements of the foetus.’ In other words, the high 
ammonia coefficient may result from simple starva- 
tion, rather than from an attempt to neutralize acids. 
Some oases recently reported by Gilliatt and Kennaway 
{Quarterly Journal of Medicine, 1919, vol. xii., p. 60) 
appear to fulfil Leathes’ requirements, for here the 
ammonia index showed a rapid increase which could 
not be accounted for by starvation. But Hurst’s 
observations tend to support the view that most oases 
of pernicious vomiting are nervous in character. 

(d) In Gastro- Intestinal Ketosis . — Here the ketosis 
merely results from starvation, and is not in itself 
responsible for symptoms, though it is naturally 
asBOciable with rapid wasting. 

(e) In Broncho - Pneumonia . — Garrod associates 
drowsiness, torpor, and vomiting with the presence 
of diacetio acid in the urine. 

The principal symptoms, then, which seem to be 
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oommonlj associated \nth the various forms of ketosis 
are dyspnoea, wasting, vomiting, drowsiness, and 
coma. 

PostAnessthetio Ketosis.— That death might follow 
the delayed action of chloroform was first suggested, 
so long ago as 1850, by Casper. In this country, 
Leonard Guthrie drew attention to the condition in 
1898, and much interest and discussion has been 
aroused. Other ansesthetics besides chloroform were 
also found to cause it. 

Twelve hours or so after the antesthetic the patient 
(usually a child) suffers from profuse and repeated 
vomiting, the vomitmg eventually resembling the 
dregs of beef-tea. Sometimes there is a preliminary 
period of restless excitement and delirium. 

This is followed by drowsiness, apathy, and uncon- 
sciousness, deepening to coma. Death usually occurs 
about the fifth day, but sometimes later, from gradual 
or sudden cardiac or respiratory failure. Pyrexia is 
not the rule, though the temperature may be very high 
just before death. The pulse becomes very rapid. 
Albuminuria with casts is common. Furthermore, 
there is a smell of acetone in the breath, while diacetic 
acid is found in the urine. It will be noted that these 
symptoms resemble in essentials the features of other 
ketoses; but the abnormal acid was only looked for 
at first where something went wrong after anaesthetics. 

It is now generally agreed that diacetic acid is often 
present in the urine after anssthetics, and not un- 
commonly before. Frew has shown that in children 
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;"the mere change of diet acoompanying admission to 
' hospital is sufficient to indnoe ketosis. As the hos* 
pital diet is rich in carbohydrates, it is not dne to 
starvation but to the fact that the child apparently 
takes three days to adapt its digestion to the change. 
Now the majority of children that are admitted for 
operation receive their first ansesthetio within three 
days of admission — that is to say, while ketosis is 
already present. In addition to this, tradition de- 
mands that the patient should be starved both before 
and after operation, and that an acute diarrhoea should 
be induced. In short, everything is done to induce 
ketosis, and then a toxic vapour is given, and an 
operation is performed which further lowers vitality. 
It is carious that toxic symptoms do not occur more 
frequently. Possibly the concentration of the anss- 
thetic vapour has something to do with it, a high 
percentage having a more injurious effect on the 
protoplasm of the liver than a low one. 

The most striking change noted post mortem is fatty 
degeneration of the middle zone of the lobules of the 
liver, with necrosis of the central part. To the naked 
eye the liver appears large and canary-yellow in colour. 
This change can occur very rapidly. Thus Telford 
saw a liver to be normal while performing a gastro- 
enterostomy; toxic symptoms followed, and at the 
post-mortem the liver wm slightly enlarged, bright 
ydlow, and loaded with fat.^ This is a point against 
Guthrie’s view that the anassthetic is merely the last 
straw, acting on a previously fatty liver, to which fCed- 
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ing up with fat may have contributed. The anesthetic 
has been the last straw indeed, but by increasing a 
previous ketosis to the point of a toxic acidemia. 

All anesthetics are solvents of fat, and the breaking 
down of such dissolved fats could give rise to excess 
of fatty acids. But many very fat people have been 
exposed to long administration of chloroform without 
these after-effects. 

Why should fat in the liver behave so differently to 
fat in other parts ? 

In the chapter on the work of the liver it was shown 
that this organ prepares fat for the use of the tissues 
by desaturating it. If it is unable to do this the fat 
from other organs which is sent to the liver to be 
thus prepared merely accumulates there. The con- 
clusion to which wo are led is that, while onsssthetics 
anti the preparation for them may cause ketosis, 
they will not cause toxic symptoms unless the liver 
is thrown out of gear at the same time, perhaps by 
inhibition of the oxidases. A diseased liver will 
naturally be more easily affected than a sound one. 
Deprivation of readily assimilable carbohydrate is the 
most effective way of inducing the catastrophe of 
post-anssthetic poisoning. 


17. Treatment of Acidsemla and EetoslB. 

The indications for treatment are — 

1. To prevent further formation of fatty acids as 
far os possible. Broadly speaking, this will be accom- 
plished by promoting the assimilation of carbohydrates. 



300 PHYSIOLOGICAL PRINCIPLES 


2. To neutralize the adds already formed, and 
supply the deficient bases. 

By what methods can these indications be put into 
effect ? 

(a) In diabetes the fasting method has given ns a 
plan for simultaneously attacking the glycosuria and 
ketosis. As already pointed out, whereas fasting 
produces ketosis in the normal individual, it greatly 
diminishes it in the diabetic already suffering from it. 
In other words, the drop in toxic ketosis far outweighs 
the rise in fasting ketosis. 

Yon Noorden some years ago noted that a diabetic 
previously free from acetone would show some ace- 
tonuria at the beginning of a restricted diet. He urged 
that this did not indicate an immediate relaxation of 
diet, and that if such relaxations were made the' 
advantage of the dieting would be lost. This empirical 
observation was not understood at the time, but now 
receives its explanation in the difference between 
fasting and toxic ketosis. The former may be 
neglected, the latter always calls for treatment. The 
fact that acetonuria is present, therefore, does not 
contra-indicate a fast, though some observers are of 
opimon that a few days of a diet, in which the amount 
of protein is considerably reduced and fat is hardly 
taken at a]^, is a useful preparation for the fast in 
chronic or debilitated cases. I have, however, come 
to the condusion that marked ketosis only increases 
the need for prompt alimentary rest. 

The most effective method of attacking ketosis is. 
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of conne, to nuse the oarbohjdrate toleianoe. This, 
too, is best effected by alimentaTy leat and inanlin, aa 
explained in the chapter on diabetes. As the in- 
capacity to metabolize carbohydrate is rarely com- 
plete, attempts have been made to find some form of 
carbohydrate which conld be more readily assimilated 
than others— hence the ‘ Oatmeal Care ’ and ' Potato 
Cure.’ To-day we realize that it is quantitative 
rather than qualitative regulation that is called for. 

An exception may be made in the instance of levulose, 
which does not raise the sugar in the blood. The 
capacity of a diabetic for laevulose is, however, linnted 
to the amount which hia tisBues can consume on the 
spot. This will not exceed 20 grammes (,5 drachms'), 
divided into several doses in the day. If more than 
this is given, it is stored as glycogen, and subsequently 
converted into dextrose. Its cost, however, is pro- 
hibitive except for wealthy patients, or in emergencies 
such as threatened coma. Artichokes are rich in 
insulin, which breaks down into hevulose. This is a 
cheaper method of supplying it, which sometimes 
helps. But the introduction of insulin makes the use 
of hevulose unnecessary. 

While bearing in mind the dangers of the aloobol 
habit, 'it nevertheless may be sometimes advisable to 
give aloobol to the extent of about an ounce of the pure 
spirit in the day, because of its being able to replace 
carbohydrates to a lipited extent in metabolism. 
Malt liquors, sweet wines, champagne, and liqueurs 
will naturally be avoided. 
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With the treatment already advised for diabetes the 
administration of alkalies is much less necessary than 
formerly. Indeed, some observers, snoh as Joslin, 
maintain that they are aotoally harmful, though I do 
not think there is positive evidence of this. Their * 
usefulness is certainly limited by the facts that diabetic 
acidosis is often over-compensated, and that diacetic 
acid seems to be toxic in itself and not merely because 
it may increase the acid ions in the blood. At the 
same time they can save the loss of nitrogen in the 
form of ammonia, which is obtained from protein and 
excreted in combination with the diacetic acid. 

‘ Spriggs has shown that if 2 drachms of sodiom 
bicarbonate be given to a normal individual, the urine 
becomes alkaline and remains so for twenty-four hours. 
But if excess of acid is being formed, this amount is 
insufficient, and the amount of bicarbonate that can 
be taken without producing neutrality or alkalinity 
of the urine may be regarded to some extent as a rough 
measure of the degree of acid production. A more 
accurate measure is the amount of ammonia in the 
urine, which can be quickly estimated by the formalin 
method. In severe cases it may be impossible to make 
the urine alkaline. 

1 usually give citrate of potash as well as bicarbonate 
of soda, because it is not neutralized by the gastric 
juice, and becomes bicarbonate in the blood, where the 
alkali is most needed. It seesns particularly suitable 
in those milder cases of diabetic ^cetonuria in which 
some drowsiness and ' bilious* symptoms are present. . 
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But the advantage of citrates does not end here, since 
citric acid appears to diminish the production of acetone 
bodies. 

It is not sufficient to supply the body with bicar- 
bonate of soda, as is generally done; other bases should 
he given also, especially as in diabetes, there is a drain 
on the calcium and magnesium. To give soffium sslta 
alone disturbs the balance ot salts in the body. 

A mixture such as this — 


SodlibioKrb ji. 

Pot. oitnr. .. •• .. ,, ,, gc, xxx. 

CbIoU carbonatu . . . . . , , . gi, iu. 

Hagneeii oarbonatiB gr. iii. 

Aquam ad Si- 


is of more service, because the amount of £,0 excreted 
daily is one-half that ot the Na,0, while the CaO and 
MgO are each one-twentieth of the amount of the 
soda. Half to one ounce of this mixture may be 
given three times a day, or every four hours when 
indicated. 

Much may be done towards preventing coma by 
careful attention to the ketosis. A rise in the am- 
mom'a output to 4 grammes a day is very ominoas. 
As soon as coma threatens, 20 to 80 units ot insulin 
should be given, the rectum cleared out by enema, 
and 5 per cent, of sodium bicarbonate ran slowly into 
the bowel until about Ij litres ot Quid bare been 
administered. 

Intravenous infusion with bicarbonate of soda is 5 
seldom practised now. Owing to the empty con- 
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dition of the veins in coma no attempt should be 
made to put a needle into one mthont cutting down 
on to it. But the discovery of insulin has given qs 
a far more potent weapon. Before this, once coma 
had developed, the duration of life was to be measured 
by hours rather than days. It was realized that the 
proper treatment was prophylactic, since coma is 
often the result of improper dieting with excess of 
protein and fat. Even with insulin the condition 
is a dangerous one, but not hopeless. The amount of 
insulin which can be given in coma without serious 
consequences is astonishing. In the case I have 
already referred to, 110 units were given in the first 
twenty-four hours, and for ten days after this the 
daily dose varied from 70 to 90 units, no individual 
dose exceeding SO units. On one day when coma 
threatened to reassert itself, as much as 140 units 
were given. 

(b) In Ike RecurrerU Vomiling oj Children . — To 
ward off attacks, prodromal signs should be noted — 
white stools, offensive breath, some change in com- 
plexion, usually indicative of what are called ‘ bilious 
attacks,’ and the presence of abnormal acids in the 
urine — then mild aperients and easily digestible foods 
are indicated. Barley-water is usually tolerated. 
Small doses of grey powder or calomel should bo 
given, also bicarbonate of soda, up to 8 drachms in 
the day. Normal salt solution per rectum is useful. 
I would suggest that arrowroot might be employed, 
on the prmdple that the abnormal acids are checked 
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in their prodnotion by the administration of oarbo* 
hydrates. Certainly 4 per eent. of dextrose added to 
the rectal saline urill often help. Baoilluria should be 
treated if present, and if an X-ray examination indicts 
the appendix it should be removed. 

(c) In Oie Pernicious Vomiting of Pregnancy . — 
Wbitridge Williams recommends that when the 
amount of nitrogen in the form of ammonia rises from 
the normal 3 or 5 to 10 per cent, of the total, labour 
should be induced. Wo have already seen, however, 
that this ammonia coefficient may be a fallacious 
guide. A sadden rise to a higher level such as 80 to 
60 is a surer indication of tho nocossity of such a 
drastic procedure. In tho nervous type remarkable 
results may be obtained by encouragement by sugges- 
tion. It may be helpful to give bromide, and, if 
necessary, per reclum. Some observations by Long- 
ridge on eclampsia show that the same general lino of 
treatment as in other forms of ketosis may be help- 
ful, although this condition differs from pernicious 
vomiting. He noticed a diminution of alkalinity of 
the blood and gave citrates with tho object of bringing 
up the diminished alkalinity of tho blood to normal. 
Sugar was also given by the mouth and rectum. 

(d) In Post^AruBsthetic Poisoning. — (1) Before opera- 
tion on even fat and apparently healthy children 
careful inquiry should be made as to the history of 
so-called ' bilious attackc,' which may in reality be 
those of ketosis (Guthrie). (2) Where possible, oper^ 
tion on a child should be delayed until it has been 

90 
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aconstomed to the altered, diet in hospital. The 
urine should he examined for diaoetio acid, and, 
if present, alkalies should be prescribed. (3) Both 
starvation and fright cause acidosis. Four hours’ fast 
for children before operation is too long. Saline 
enemata containing 2 to 6 per cent, of dextrose should 
be given after the lower bowel has been cleared, two 
hours before and immediately after operation. The 
effect of fright cannot be altogether controlled^ but 
may be diminished by preventing starvation. Should 
symptoms of ketosis occur despite these precautions, 
it must be treated as in other cases. Dextrose must 
be got into the system somehow, and Beddard recom- 
mends that if it cannot be retained in the stomach, 
it should be given by continuous rectal inbffiion of 
a 10 to 20 per cent, solution, or even by infusing 
intravenously a 6 per cent, solution. I should prefer 
6 per cent, for rectal irrigation as less likely to irritate 
the bowel. Once post-aneesthetic vomiting is estab- 
lished, bicarbonate of soda and other alkalies must be 
given freely to neutralize the acids already formed. 

Insulin has been recommended for the treatment 
of non- diabetic ketosis, but it is too soon to express 
an opinion on this. In the only case in which I have 
seen it tried I was not favourably impressed with the 
effect. 



CHAPTER XI 

INTESTINAL INTOZIOATIONS 

Trbrb are fashions in pathology, as in dress, and 
intestinal intoxications have come in for a large 
share of attention in recent years. Most diseases of 
hitherto unexplained causation are now referred to 
this. It is such a fatally easy explanation that it 
is but human to yield to the temptation in face of 
perplexity. 

Englebert Taylor well says that 'the progress of 
the auto-intoxication theory, like that of eveiy other 
uncontrolled movement in practical medicine, is like 
the development of gossip in common life: the 6rst 
person suggests that it might be so, the second states 
that it is so.' 

Yet the subject is one of very practical importance. 
The alimentary canal is an open door for infection, and 
it is quite probable that many cases of chronic and 
indefinite invalidism depend upon intoxication by this 
route. Therefore, it is worth while to consider what 
is really meant by an intpstinid intoxication, and what 
symptoms it might be expected to cause. We can 
then examine the evidence necessary to establish the 
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faot that intozioation has occurred, and inquire ho^ 
far tl^t fact is proven in some special cases. Progress 
cannot be made by haphazard references to pyorrhosa 
and constipation, important factors though they be. 
The mechanical factors in inducing toxoDmia by intes- 
tinal stasis have already been discussed in Chapter III. 
Here we are concerned with the chemical factors. 

* The mucous membrane of the alimentary canal is 
pre-eminently an absorbent surface — ^it is constantly 
bathed in liquids swarming with bacteria.’ The flora 
is both varied and extensive, yet how seldom can 
infection by pathogenic organisms or intoxication by 
saprophytes be proved. 

Probably microbes constantly invade the body from 
the iJimentary canal, but are as constantly destroyed. 
Flexner has shown how frequently a terminal infection 
occurs when the vital forces of the body are exhausted. 
MetchnikofF compares the leucocytosis of digestion to 
the leucocytosis in certain infections, believing them 
to be due to the same cause — ^the resistance of the body 
to invasion. The comparison is at any rate suggestive. 
The body possesses four lines of defence against 
intestinal intoxications and infections: Firstly, the 
epithelial resistance; secondly, the bactericidal proper- 
ties of the blood; thirdly, the antitoxic functions of the 
liver; fourthly, the internal secretion of the thyroid, 
and possibly of other ductless glands. 

Gastro-intestinal intoxication may result from — 

1. Inorganic poisons — e.g., lead, arsenic. ^ 

2. Organic poisons — e.p., cyanides, foreign proteins. 
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8. Intennediate pzodiiote of digp|loiH^*9-i pep- 
tones, puiins. 

4. Produots of putrefaction — a.9.,indol. 

5. Produots of abnormal pathogenic bacteria picoent 
in the intestine. 

The first two do not concern us here. The reaction 
of the body against them differs in important respects 
from the method adopted against bacterial poisons. 
The neutralizing substances are normally present in 
the body, and are not specific, each of them combining 
with several poisons. Fromm points out that these 
reactions are few and simple, such as oxidation, reduc- 
tion, hydration, dehydration, and metbylation. The 
protective substances also are few, such as proteins, 
bile acids, glycuronic acid, etc. They are not the re- 
sult of any special adaptation to meet a pathological 
condition. They are there as the result of normal 
metabolism; they have an affinity for various chemical 
substances, some of which happen to be poisons. If 
these enter the body, they are neutralized to some 
extent, though, as a rule, very incompletely. This is 
a very different reaction from the formation of highly 
specific immune substances against bacteria and their 
products. 
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IntoKloatlon by Intermediate Prodnoti of 
Digestion. 

Peptone is not the end-produot of digestion, but 
the process is carried farther to simpler amine bodies. 
As intravenous injections of proteoses and peptones 
will cause symptoms, it has been suggested that 
intestinal intoxications may result from absorption 
of these intermediate products, the toxic effect de- 
creasing with the decreased size of the molecule. But 
there is no definite evidence that such an absorption 
occurs. 

Passing from the simple to the compound proteins, 
nucleo-proteins are credited with a toxic power on 
account of the purin bodies that they contain; but, 
normally, the liver largely destroys these. 

The importance of the detoxicating action of the 
liver has already been referred to. Even in normal 
digestion the absorbed products are not sufficiently 
elaborated to be used by the tissues. A further step 
has to be taken by the liver, and this is one of the most 
important metabolic functions of that organ. When 
in a disease we find an intermediate product of normal 
metabolism excreted in the urine, 1 think we must 
conclude that hepatic insufficiency rather than intes- 
tinal .intoxication is the cause of the toxic effects 
observed. 
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Intoiloatloii by Produoti ol PotretMtion. 

Whether digestion can be oairied on aseptioally is 
a purely academic question, since the opportunity never 
arises. The infant starts with a sterile alimentaiy 
canal, but speedily acquires bacterii^ therein, chiefly 
organisms derived from the skin of the mother’s nipple. 
In the intestine of bottle-fed children there are many 
more orgonbms of the Bacillus coH class. The BoctSua 
putrificus begins to appear in childhood, and the flora 
of the intestine becomes large and varied. 

Now, in putrefaction abnormal products of disin- 
tegration may be sot free, and we must inquire into 
their responsibility for symptoms. The great seat of 
putrefactive change is the large intestine. Proteins 
putrefy, carbohydrates ferment, and to a certam extent 
these two processes are antagonistic. Fermentation 
may be useful to animals that eat a large quantity of 
uncooked vegetables, because the cellulose resists the 
ordinary digestive juices, so that until the cell-walls 
are dissolved by bacterial agency the contained food- 
stuffs are not available. This, however, is not much 
use in human beings; but fermentation plays another 
useful part in antagonizing putrefaction, which might 
lead to the development of more toxic substances. 
Putrefaction is the disadvantage of a large intestine, 
the advantage being that, by the absorption of water 
there, the bulk of the fssces is greatly reduced, so that , 
the emptying of the bowel need not occur normally 
more than once a day. There is also less need ffft 
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drinking large amonntB of floids. Aeoording to Metoh* 
nikoff, the disadvantagee ontweij^ the advantages, 
and, in fact, he looks upon old age as the result of 
chronic intoxication from the large bowel. That 
animals with a short colon are long-lived is, in effect, 
his conclusion; and it seems to be the opinion of some 
Burgeons that it is better for a man to dispense with 
the services of his colon than to possess an indolent one. 
Yet we can hardly suppose that the colon would have 
appeared in evolution without the development of a 
compensatory protective mechanism. And we have 
evidence of its existence. Indeed, the proof of in- 
toxication by the products of the ordinary putrefactive 
changes in the intestine is quite inconclusive. Let us 
see what these changes are, and how far any of the 
resultant bodies can be incriminated. 

Proteins undergo the most changes in putrefaction. 
Whatever the protein, it contains the same four groups, 
however different the representatives of those groups 
may be. 


Hon-amino 

Hezone Bases 

Aromatio 

Cystin oon- 
taining S. 

Fatty aoida — 

Aiginine. 

Bodies— 

Leuoin. 

Tyiosin. 

Tryptophan. 

so. 


Putrefaction would seem mainly to affect the right- 
hand groups in this diagrammatic scheme — the 
aromatic bodies and the sulphur groups. I^yrosm 
yidds phoiol compounds, v^le tryptophan yields 
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indol and skatol; the oxidized Bolphuf appean aa 
sulphates, and the unozidized as oystin. 

The sulphates conjugate with the aromatio bodies 
in the liver to form ethereal sulphates which are prac* 
tically harmless. These ethereal sulphates appear in 
the urine. Indioan is one of them, being indozyl* 
sulphate of potash. As this is readily detected in the 
urme by its striking colour reaction, much of the theory 
of intoxication by putrefaction centres around it. 

The tests usually employed are — 

1. To 2 inches of urine in a test-tube add an equal 
quantity of strong HGl and 8 drops of hydrogen per- 
oxide (10 volumes per cent.); add ^ inch of GHC1|, and 
shake up thoroughly. If indican be present, the GHG1|, 
when it has again sunk to the bottom, will be tinged 
blue. This is a very sensitive test. 

2. A little ferric chloride may be used similarly with 
the stron^^HGl (Obermayer's test). It is best to pre- 
cipitate phosphates first with lead acetate. 

But we cannot conclude, simply from getting this 
striking reaction, that we ore dealing with a cose of 
intestine intoxication. The ethereal sulphates are 
not themselves toxic, and even if they were, we cannot 
judge of their total amount by indicanuria alone, 
which only represents one of them. The amount of 
reabsorption will be also influenced by the rate at which 
the contents are passing along the canal. 

There is normally very little indioan and other 
ethereal sulphates in the urine of children and ado- 
lescents, but putrefactive processes are more abundant 
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iQ middle life. ladicanuria is common in students 
leading sedentary lives. Hertei found that the body 
has the power of rapidly transforming considerable 
amounts of indol, since, even after injecting as>much 
as ^ gramme into the femoral vein of a dog, he was 
. unable to detect any in its blood. 

Repeated administration of indol to rabbits causes 
loss of weight, among other symptoms. In man, 
takmg considerable amounts causes headache, with 
indisposition for mental or physical exertion. The 
muscles respond as if fatigued. Herter suggested that 
if prolonged, this may lead to neurasthenia. In thirty- 
two oases of neurasthenia he obtained a marked re- 
action for indioan twenty-one times, a slight or no 
reaction eleven times. He concluded that while indol 
is not a highly toxic substance, people with a persis- 
tently strong indioan reaction invariably suffer from 
nervous or dyspeptic disorders, and that many with 
well-marked indicanuria have to live carefully to keep 
fit. He r^arded those with soft arteries, little indioan, 
or ethereal sulphates as * candidates for old age.' Ex- 
ceptionally there may be enough indioan in the urine 
to form a blue pellicle on the surface without addition 
of reagents. The subjects of this condition are almost 
invariably badly nourished and in poor, almost pre- 
carious, health. But it is not desirable to single out 
indicanuria as the sole object of treatment, as it is 
linked to other intestinal conditions. 

I would suggest that, whether such substances do 
or do not exert their toxic effect depends largely on 
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whether th^ are free, or whether there is saffioient 
salphate for them to combine with, in which etate they 
are harmless. In support of this, I may refer to a 
strikihg case described by Garrod. He examined the 
urine of a lady who for many years had applied a car- 
bolic dressing to an ulcer on the leg. He reported that 
she was on the verge of carboluria. Her medical man 
proceeded to put this statement to the tost by giving 
her 110 minims of carbolic acid internally. He had the 
satisfaction, at any rate, of knowing that he had ob- 
tained a correct opinion, for his patient promptly had 
a smart attack of carboluria ! Garrod’s opinion was 
based on thu observation that almost all the sulphates 
were in the form of ethereal sulphates — i.e., her power 
of neutralizing the toxic effects of phenol was taxed 
almost to the full. A little more and she was over 
the brink. Now, indol is closely related to phenol 
chemically. This pomts to two considerations: 

(1) When we test for indican, we are testing for just 
that part of the indol which has been rendered inert. 

(2) We may here have an explanation of the compara- 
tive failure of the phenol compounds as intestinal anti- 
septics. By combining with the sulphates they de- 
prive the body of the power of rendering harmless those 
putrefactive substances of which they cannot altogether 
prevent the formation. 

This may also be the explanation of the value of 
sulphates m tho treatment of certam intestinal diseases ; 
they are not only aperient, but also antitoxic in their 
action. 
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sorer indication of the existence or i^proach of an in- 
toxication by aromatic bodies than qaabtative tests 
for indican. 


Normally this ratio is 1 in 20 to 1 in 10. It is 
sometimes high when little indican can be found in 
the urine, and low in the presence of marked indica- 
nuria. Mackenzie Wallis finds that indican tends to 
disappear on standing, so that it is important to ex- 
amine the urine quite fresh; therefore indicanotia is 
at best rather a fallacious guide to the recognition of 
an intestinal intoxication, but its persistent occurrence 
suggests careful investigation of the digestive ^stem 
for visceroptosis and the like. 

The discovery by Barger and Dale of diamines set 
free by putrefactive changes, which raise blood-pres- 
sure, confirms the general impression that intestinal 
putrefaction is a factor in the rise of blood-pressure in 
later life. 


The other two food-stuffs may be held almost guilt- 
less as a cause of intestinal intoxication. In fermenta- 
tive dyspepsia carbohydrates may give rise to 
acid, causing oxaluria; more commonly they are a 
source of lactic acid, which is antagonistic to putre- 
fMtion. Pats will produce fatty acids as a result of 
bacterial action, but these will not produce toxic symp- 
toms. The fatty acids associated with ketosis in 
diabetes, however, come largely from the fat in the 
food. 
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The ease tor the ooooxrence of an intoxioation from 
the bowel by the normal or ordinary putrefnctire pro* 
dacts of food-digestion cannot be regarded as proven. 
Yet on this unstable foundation the most airy and far- 
reaching hypotheses have been reared. Herter at- 
tempted to place the matter on a sounder basis in his 
description of three types of chronic intestinal putre- 
faction: 

1. Indolie, due to the Bacillus eoli, and porhaps the 
B. puirificus. The commonest form is in marosmic, 
large-bellied children with chronic intestinal indiges- 
tion. Carbohydrates are not digested well, while pro- 
teins and fats ore well borne. The subjects are sharp 
witted; they ore intolerant of cold, and are easily 
fatigued. Indicon and other ethereal sulphates ore 
markedly increased in the urine. For treatment he 
advises that the carbohydrates should be restricted 
to well-cooked rice or biscuits. Milk should be pep- 
tonized for a time, and a moderate amount of finely- 
divided meat given. Gelatin may bo useful, because 
it contains no tryptophan, the precursor of indol. A 
few rather generous meals are better than frequent 
fflfliting . High irrigation of the howel may be beneficial. 

I think we ore all familiar with a vaguer condition 
of this type in adults also. They are the subjects of 
headaches; the tcmgue is furred; the breath is heavy or 
offensive; the stools are light in colour. They are liable 
to ' bilious attacks.’ Tl\pre is a marked indicanuria. 
Such persons may easily go on to suffer from the further 
Bacillus coli infections discussed m the next section. 
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2. Bviyne, chiefly due to B. aerogenea eapttdaius. 
The nascent hydrogen causes much reduction of the 
bile pigment, so that there is excess of urobilin. Addi- 
tion of a strong solution of metcnrio cUoride to the 
fesces produces a red colour, which is moye distinct on 
throwing the fesces into water. There is little or no 
indican in the urine. Indefinite invalidism may be 
the chief symptom. The subject is often soni-smelling ; 
the epithelium of the tongue and mouth is seen to be 
desquamating. Hence the irritable condition of the 
alimentary canal, with the tendency to ' diarrhoea. 
Shreds of epithelium may be seen in the faeces. 
In advanced cases on extract of the faeces may be 
haemolytic in action. At this stage anaemia comes on 
— ^first a diminution in the blood volume, then of 
the hemoglobin, and then of the red corpuscles. 

Though the symptoms in adults are usually latent 
or chronic, in infants the B. aerogenes capsulatua 
may be virulently pathogenic. I recall a child 
of three that died with symptoms of acute bronchitis. 
Some petechial hemorrhages into the stomach roused 
suspicions, and the heart’s blood, lung, liver, 
and spleen were found by Dr. Gordon to yield 
the Bacillus aerogenes eapsulatus, which, on injection 
into guinea-pigs, proved to be very virulent, causing 
death in twelve hours, with hemorrhagic necrosis of 
the subcutaneous tissues. 

8. Combmed Indolie and Butyrie . — Nervous symp- 
toms occur relatively early. The subjects become in- 
valided more rapidly than with either indolio 
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faction or butyric formentotion separately. The oot- 
standmg features of the case ate mental depiesaion and 
muscular fatigue. 


Speeifle bteitlnal hatosloatloiii. 

These may apparently arise in one of three ways— 

1. There may be alterations in the intestinal flora, 
BO that bacteria can thrive which produce speoifio 
toxic substances. 

2. The bacterial processes may spread up from the 
large to the small intestine. 

8. Normal intestinal bacteria may pass into the 
blood in consequence of lowered resistance of the 
epithelium or lowered bactericidal power of the blood. 

The Bacillus colt communis may be regarded as a 
normal inhabitant of the alimentary tract, but when 
it strays beyond its proper domain it may cause 
cholecystitis, gall-stones, cystitis, pyelonephritis, or 
phlebitis. Thus, according to Sidney Martin, the 
phlebitis of influenza is really duo to a secondary in- 
fection by this organism. Such B. coli have a height- 
ened virulence for animals. In this connection the 
premature appearance of the Bacillus coli in the intes- 
tines of bottle-fed children is important, because in 
early life the normal mucous membrane is more easily 
permeable by bacteria, while the intestinal flora should 
be less varied and less toxic. There is a parallel de- 
velojipcnt of more putrefactive organisms and a 
iH«j[ .resisting power. Therefore the B. coli, if 
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prematurely introduced into the infant’s inteetine, 
may prove virulently toxic. In a post-mortem examina- 
tion I made of a premature child two days old, the only 
macroscopic lesions were hemorrhages into the right 
lung, but the heart's blood was swarming with B. coiU. 

Another example of the way in which normal in- 
habitants of the bowel may intrude into damaged 
tissues with pathogenic rraults is seen in the engrafting 
of the Streptococcus salwanus or the 8. fcscaHs on to 
heart-valves already crippled by rheumatism,' pro- 
ducing infective endocarditis. 

In many instances it will be difficult, if not impos- 
sible, to draw a hard-and-fast line between intoxica- 
tions and infections, because we cannot tell whether 
the microbe has been able to enter the portal blood- 
stream, and has become bacteriolyzed there, or whether 
the intestine has merely absorbed the toxins produced 
in the intestine. Indeed, we can sometimes recognize 
three stages in the same case— 

1. Intestinal absorption of toxins only. 

2. The organism in the portal blood, soluble toxins 
in the general circulation. 

8. The organism in the general circulation— t.e., 
septicasmia. 

As an example of a disease that may be either an 
intoxication or an infection, we may take * Louping- 
ill,’ or paralytic chorea in sheep, because Hamilton’s 
work on the subject is the model on which research will 
have to be carried out in man to establish the pathology 
of like conditions. Louping-ill is a terribly fatal disease 
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affecting sheep on the west coast of Scotland hetween 
the months of April and Jane. There are three stages— 

1. The is apathetic, and staggers. 

2. Spasmodio convolsions oooor, which may go on 
to coma or to— 

8. Flaccidity, with abolition of reflexes. 

Sometimes there is diarrhoea with passage of blood. 
Becovoy seldom, if ever, occors. There may be 
excess of torbid and sometimes blood-stained peri- 
toneal fluid, which contains a large, coarse-looking rod 
organism, with a great tendency to spore; and even 
clear peritoneal fluid showed the same organism on in- 
cnbation in sealed tubes for twenty-four hours. 

Injection of liquids containing spores reproduces 
the disease, and the same organism can be obtained 
from the walls or contents of the bowel. When the 
organism is injected subcutaneously, death takes place 
from acute toxic poisoning before the characteristic 
nervous symptoms can develop; when introduced by 
the alimentary canal, these ore well developed. 
Hamilton bacteriolyzed the organism by the blood of 
sheep in vitro, filtered, and injected the filtrate sub- 
cutaneously, causing the characteristic symptoms. 
Thus an intoxication may occur, even though an 
infection has been prevented by the destruction of 
the microbe. 

The cause of the periodicity of the disease appears to 
be that the blood is bacteriolytic to the organism at 
other seasons. 

Immunity may be conferred by feeding an animal 

21 
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on cnltnreB dnring Ae period of the year that it ia 
insosoeptible, which recalls the immunity acquired to 
typhoid fever by the inhabitants of a district in which 
it is endemic. 

I should like to emphasise the fundamental im- 
portance of these experiments, in which the method 
of infection is clearly worked out, and the line of 
successful treatment clearly laid down. 

Border has recorded an interesting example of the 
way in which the method of infection can be worked 
out in human beings. A boy, aged seven, had been 
playing in a field where the contents of a house privy 
were deposited. The next day he vomited and com- 
plained of abdominal pain. The temperature was 
intermittent, the stools contained mucus and blood, 
and he became jaundiced. On the twenty-sixth day 
the elder brother, aged twelve, was seized by an illness 
which began to run the same course. Cultures from 
the blood and urine were sterile. Cultures from the 
feces were plated out, and agglutination tests were 
undertaken with the blood of both boys against the 
dominant strain of colon bacillus present in the feces; 
clumping occurred readily. The conclusion was that 
the most probable cause of the portal infection was a 
virulent colon bacillus. As far as the general circu- 
lation was concerned, only a stage of intoxication had 
been reached, since the blood was sterile. A vaodne 
was prepared from this baciilus, and two doses given 
to each boy, with an interval of five days between the 
doses. Rapid improvement followed: and as the 
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oases were at different stages of their illness, the re* 
oovety oonld not be explained as the natural termina- 
tion of the attack. 

As 1 have deprecated indiscriminate reference to 
pyorrhoea to ei^lain diseases of obscure causation, I 
should like to add that I have seen many cases of fever 
without physical signs traced to pyorrhoea, which have 
recovered on removing the offending teeth, perhaps 
with the aid of a vaccine prepared from them. 

X*ray examination of the tooth sockets has proved 
a great help in recognition of this deep-seated septic 
absorption. 

Mierobie Cyanosis. — In 1902 Stokvis described 
cyanosis as a result of intestinal troubles. The ab- 
normal colour was due to the presence of methemo- 
globin in the red corpuscles. The patient had great 
intestinal irritation, clubbing of the fingers, deep 
cyanosis, and considerable albuminuria. After death 
it was discovered that he bad suffered from paren- 
chymatous nephritis, with ulcerative enteritis. 

Van den Bergh found the connecting-link between 
the intestinal trouble and the resulting blood changes 
to lie in the presence of nitrites, which load to the 
formation of mcthamoglobin. He found that the 
condition would clear up in from twenty-four to forty- 
eight hours on a milk diet, but returned in four hours 
after an ordinary meal. He also described four cases 
of snlpb0moglobinffimiar-H.s., a sulphur compound of 
hamoglobin, which in itself suggests an intiwiiiml 
source for the intoxication. 
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Oibflon described a case in a married lady, aged 
thirty-six, who had been cyanosed for two or three 
years. The face and hands were of a lavender hue, 
while the lips, ears, and nails were nearly as dark as 
bilberries. The spectroscope showed the band of 
methtsmoglobin, while nitrites could be detected in 
the blood, feces, and saliva. A coliform organism 
was isolated from the blood on one occasion only. 
Great improvement followed intestinal antisepsis, and 
methsmoglobin could no longer be found. 

I had the opportunity of seeing the first case of 
sulphemoglobinsmia recognized in this country, which 
was under the care of Dr. Samuel West at St. Barthob: 
mew’s Hospital. 

An unmarried woman, aged thirty-seven, was ad- 
mitted for debility and cyanosis. The skin was of a 
leaden hue, resembling that of silver staining. The 
colour was due to the blood, and not to deposited 
pigment, for on pressure the skin could be shown, when 
emptied of blood, to be of the normal hue. The fingers 
were not clubbed. I examined the blood spectro- 
scopically in the circulation by holding the patient’s 
hand in front of an electric light and pressing the 
web of the thumb between two glass slides until a 
convenient thickness was obtained. A spectrum 
closely similar to that of methsemoglobin was obtained, 
with a well-marked band in the red. I Was at that 
time ignorant of Van den Bbrgh’s work, and everyone 
regarded the case as one of methamoglobinamia. 
Drug habits were therefore suspected. These, how- 



MICROBIC CYANOSIS 


^5 


evtt, dbiild be ezolnded with an nnnsnal degree of 
aesnrance. Her i|iedical man stated that, except for 
occasional doses of bromide and iodide, he had given 
nothing more for a long time than a tonic of iron with 
arsenic. The patient lived in a remote part of the 
country, from which the nearest drnggist's shop was 
some miles away; she could only have got drugs by 
post. But neither her family or the postman knew 
anything of her receiving such parcels. Moreover, 
during her stay in the hospital she certainly had no 
such drugs, yet the cyanosis persisted. 

A more thorough examination of the blood by Wood 
Clarke revealed the fact that the bands were those 
of sulphesmoglohin. The urine contained less indol 
than usual — an interesting comment on the slight 
value to be attached to this body as evidence of an 
intestinal intoxication. The ethereal sulphates were 
greatly reduced. Nitrites were found m the urine. 
No increase in sulphuretted-hydrogen-forming organ- 
isms could be found in the intestine. A culture taken 
from the blood in the arm was sterile. Moreover, the 
long duration of the case was against the theory of an 
infection, and pointed rather to an intoxication. 

Subsequently Mackenzie Wallis found in the month 
of this and four other patients with sulphemoglobin- 
semia a nitrifying bacillus, which formed a strongly 
reducing substance. This substance, which was also 
present in the serum of all the patients, could reduce 
oxyhemoglobin, an essential step in the formation of 
sulphemoglobin. One case was apparently cured by 
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removal of the teeth and the nse of an autogenous 
vaccine prepared from this nitrifying bacillus. The 
name* microbic cyanosis 'is therefore strictly applicable 
to the condition. These observations support the view 
I have already expressed that definite intestinal 
intoxications are due to abnormal pathogenic bacteria 
rather than to the ordinary products of putrefactioiu 
Jamieson has recently reported {Quarterly Journal of 
Medusine, 1919, vol. xii., p. 81) a series of attacks of 
short duration in a patient, accompanied by enlarge* 
ment of the spleen. 

H(maloporphyrinuria . — ^The decomposition of the 
heemoglobin molecule may be tabulated as follows: 

Htemoglobin. 


HflBmatin. Histone. 

Hnmatoporphyrin. Iron salt. 

Probably hsmatoporphyrin is normally converted 
into bilirubin by the liver. 

A trace of hiematoporphyrin is a normal constituent 
of urme, but under certain conditions this is largely 
increased in amount, such as in sulphonal, trional, and 
tetronal poisoning. But there are other groups of 
oases where such drugs can be excluded. 

One group is congenital. The pigment may stain 
the bones, and even the enamel of the teeth. Some* 
times the spleen is enlarged. Like certain other 
fluorescent pigments, hsmatoporphyrin increases the 
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senritiveDesB of tile skin to light, which probably 
accounts for the recurrent attacks of hydroa vaccini' 
forme to which the subject is liable each summer. 

The other group shows an acute onset with toxic 
symptoms, such as yomiting, thirst, anorexia, abdo- 
minal pain, and profound prostration. Banking and 
Pardington described two such cases, and I had one 
under my care in which three attacks of this character 
had led to the suspicion of intestinal obstruction. 
Ascending paralysis has also been described. Monro 
has seen hsmatoporphyrinuria in periodic vomiting 
with acetonuria in a boy. 

All these points are suspicious of an intestinal in- 
toxication, and the suspicion is strengthened when we 
remember that hemoglobin will break down into 
hematoporpbyrin much more readily in the reduced 
state than when containing oxygen. Now Hartley 
and Wood Clarke have shown that in the formation 
of Bulphemoglobin the blood pigment is first reduced, 
and then combines with the sulphur. 

This suggests that in both cases some reducing agent 
is at work, and the intestinal symptoms point to the 
alimentary canal as its source, the liver becoming 
secondarily involved. It is interesting to compare 
this condition with methasmoglobinemia, which may 
also be caused either by intestinal intoxication or by 
coal-tar drugs. 

In the future many o^hcr conditions may be proved 
to be due to intestinal intoxication, but the evidence 
is not always convincing at present. 
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Hunter has laid great stress on oral, gastric, and 
intestinal sepsis as the ranse of pernicious anemia. 
There is a strong case for hemolysis in the portal area 
in this disease. Now, the anerobic bacteria naturally 
present in the human intestine include some highly 
pathogenic members which under proper surroundings 
can produce marked hemolysis. Ultimately we shall 
probably find that many of the obscure intestinal 
intoxications are due to anerobic bacteria. 

Though cirrhosis 0/ the liver occurs in alcoholic sub- 
jects, direct administration of alcohol experimentally 
leads to a fatty and not to a fibrotic change in that 
organ. Consequently the condition has been referred 
to impurities in the common alcoholic drink of the 
country. Thus in wine-drinking countries the potas- 
sium sulphate with which the vin ordinaire is plastered, 
and in whisky-drinking countries the fusel-oil, have 
been held responsible. Such wide differences of opinion 
make it all the more probable that the ingredient com- 
mon to them all, the alcohol, is reatlly the agent at 
work. Bolleston explains this dilemma by the view 
that alcoholic excess leads to a prolonged gastric 
catarrh, which, by lowering resistance, enables toxic 
substances to be absorbed from the bowel. Hamilton’s 
suggestion, which harmonizes with this quite well, is 
that a microbe is absorbed from the intestine, bacterio- 
lyzed in the portal blood, and its liberated toxins 
anchored on to the liver substance. This might occur 
in other than alcoholic subjects, and it certainly ap- 
pears that we cannot explain all oases of multilobular 
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oirrhoBis by alcoholiam. The ohronio peritonitiB which 
produceB the aeciteB in the later BtageB of cirrhoBM 
meana that ultimately the organiamB aa well aa the 
toxina have been abaorbed. Durham haa ahown that 
theae organiama can alwaya be found in the omentum 
although the aaoetio fluid ia aterile. 

There ia a growing opinion that many ehronie affec' 
tioru of the joints are due to a chronic infection or 
intoxication. Either the alimentary or the genito* 
urinary tract may be the ' open door ’ by which the 
infective agent entera. And ao it baa come about that 
pyorrhoea alveolaria muat be regarded aa a potent 
cauae of rheumatoid arthritia. Until thia haa been 
excluded, if neceaaary by an X-ray examination, other 
forma of treatment are a waste of time in this diseaae, 
but other aeptic foci must not be overlooked. Tetany 
ia another condition which has been held to be due 
to a gastro-intestinal intoxication. Its occurrence in 
rickets, with gastro-intestinal disturbances, in typhoid 
fever, and after lavage for dilated stomach is certainly 
suggestive. Its association with the parathyroids baa 
already been discussed. 

But I do not wish to multiply the list of diseases for 
which an intestinal intoxication might bo held respon- 
sible. For the present this is mere speculation. 
We may lay down the following conclusions as to 
etiology: 

1. There ia no satisfactory proof of intoxication by 
the ordinary disintegration products of digestion. 

2. Putrefactive processes mainly affect the aromatic 
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— i.e., benzene-groups of the protein molecule; there 
is no conclusive evidence that these can lead to symp< 
toms of intoxication. Occasionally the sulphur in the 
protein molecule appears to be able to cause chemical 
changes in the haBmoglobin, with resulting cyanosis. 
But here, too, an abnormal bacterial agent is appar* 
ently at work. 

8. It is often difficult, if not impossible, to draw a 
hard-and'fast line between an infection and an intoxi- 
cation. The microbe may sometimes be able to estab- 
lish itself in the blood-stream, thereby producing an 
infection, while sometimes it is rapidly destroyed by 
the blood, but it is, nevertheless, able to disseminate 
its soluble toxins in sufficient quantity to produce 
symptoms. 

4. I believe we shall ultimately be able to refer all 
the real intestinal intoxications to the presence of 
actively pathogenic bacteria among the ordinary 
saprophytes of the intestine. 

Treatment. 

The indications are as follows: 

1. Avoidance of Puirejactive Contaminaiion of Food. 
— ^All food should be cooked as far as practicable. 
Cheese, especially the riper varieties, should be avoided. 
All fruit should bo peeled. Careful attention must be 
paid to the teeth, since anssmbio bacteria lurk in the ’ 
interstices, and these are a great factor in intestinal 
putrefaction. 
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2. Promotion of Prompt Dige^n and Absorption . — 
Here again attention to the teeth is important, to allow 
of proper mastication. Hydrochloric acid should be 
given if it be deficient in the gastric juice. But in the 
cases of butyric fermentation diastatic ferments are 
better than hydrochloric acid, which is not well home. 
Pepper, mustard, excess of salt, vinegar, and lemon, 
are irritant to these patients. Demulcent drinks are 
indicated. The butyric type need careful preparation 
for a generous diet. Emotional irritability or mental 
depression, increase in the ethereal sulphates of the 
urine, of gas-producing bacilli in the stools, or of 
intestinal flatulence, are signs that the food should 
be reduced. Intestinal flatulence especially indicates 
reduction in the amount of carbohydrates. If there 
be atonic dilatation of the stomach, lavage may be 
employed, but nervous causes should be enquired into. 
Best after meals should be enjoined. 

8. lAmiUaiions of Ihe Nuniber of Bacteria. — Micro- 
organisms form one-third of the total solids of the 
stools, though the greater number of these are dead. 
Intestinal antisepsis is a counsel of perfection, and at 
present we are scarcely prepared to accept Metchni- 
kofTs dictum that senile changes are the result of an 
intoxication from the largo bowel, so that it is hardly 
likely that we shall attempt intestinal antisepsis as a 
routine measure. Occasions have doubtless arisen in 
the experience of all when it has appeared desirable to 
make the attempt, though a sense of despair was felt 
in trying to accomplish it. Calomel in small and 
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divided doses, followed by a saline purge next morning, 
is a time-hononred method of attempting to efifeot this. 
However useful this may be to start treatment, we 
must beware of a routine use of strong purgatives to 
this end, for, by removing the superficial epithelium 
of the bowel, they may facilitate septic absorption. 
After a preliminary dose of calomel, my custom is to 
give 3 minims of cyllin medical or 2 minims of izal in 
capsules three times a day for not more than four 
days. If continued longer than this, it is apt to 
cause irritative symptoms. After that naphthalene 
tetrachloride in 5 or 10 grain doses should be given 
three or four times a day. As it is insoluble and 
cannot, therefore, he absorbed, it does not produce any 
toxic symptoms. Ten grains of sulphocarbolate of 
soda or of salol may be tried; they are not always a 
success, and I have suggested the reason; but /3- 
naphthol in 6*grain doses in cachets sometimes gives 
good results. A cachet containing S grains of benzo- 
naphthol with I grain of menthol is useful where there 
is much flatulence. Thymol, manganese dioxide, 
hydrogen peroxide and ichthyol, have all been re- 
commended, by various observers. Paraffin is not 
only aperient, but inhibits the growth of intestinal 
bacteria to some extent. 

Treatment by Lactic Add Ferments . — ^Bfetohnikoff 
has suggested another way of attacking this difficult 
problem. Instead of attempting to render the bowel 
aseptic, fie, advises the introduction of other organisms 
which are als^agonistic to the growth of the putrefac- 
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tiye baoteria. These are the lactio-aoid-prodaoing 
organisms. Soured milk has long been a staple article 
of diet among Oriental people, and enjoys a high repute 
as a hygienic measure. James Biley, in 1864, claimed 
that it had an extraordinary effect in promoting 
longevity. He asserted that wandering Arabs, suh> 
sisting almost entirely on the fresh or soured milk of 
camels, lived for two or three hundred years ! It may 
be added that Biley was an American. 

Bulgarian ‘ yahourth,’ or ' yoghourt,’ is milk soured 
by the most powerful lactic-acid-producing bacillus 
known. The commercial product contains a diplo- 
cocous and a strepto- bacillus also, but preparations of 
selected lactic ferments can be obtained. 

The ridiculous way in which this lactic acid treat- 
ment has been boomed as a panacea has naturally 
excited a prejudice against it. In the first place, it 
is certain that in many instances no living Bulgarian 
bacilli have been taken at all; in the second, it has 
been used in totally unsuitable cases. Tablets of all 
kinds should be abandoned as a means of administering 
these organisms, which are too delicate to be able to 
survive such handling with any degree of certainty. 
Only fluid cultures or the milk actually soured by the 
bacilli should be employed. As to the selection of 
coses, the treatment can only be expected to be bene- 
ficial where there is definite evidence of increased putre- 
faction of proteins. Mqrbid conditions of the intestine 
may also be due to abnormal fermentation of the carbo- 
hydrates; in such oases the lactic acid treatment will 
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only do hann. The Te&otion of the fteoes will be a 
guide; if they are add, this treatment is ansnitable; 
if they are alkaline at first, but yield a fair quantity 
of gas in the fermentation tube, showing an add re- 
action after, the treatment will probably be unsuo- 
oessful. Good results can only be expected in the 
cases where the fresh faces are alkaline and remain 
alkaline after twenty-four hours, yielding hardly any 
gas to the fc me itation tube. 

4 . Quelpa’s method of detoxication by a combination 
of fasting, purgation, and diuresis has had excellent re- 
sults claimed for it by various observers. The method 
is as follows: For three or four days, and sometimes 
longer, a bottle of purgative water is taken. Gnelpa 
recommends that the following mixture should be 
dissolved in half a litre of boiling water: 


Magnesium citrate dr. z. 

Galoined magnesia gr. m. 

Sodium chloride gr. zv. 

Eaaenoe at citron I^z. 


Half of this to be taken in the morning quite hot, 
and the rest to be taken ten minutes later. During 
these days no food of any sort is taken, but a mineral 
water, such as Evian, is drunk freely, or a tuane^ 
such as Tilleul, sweetened with a little saccharin. As 
after all fasting procedures, ordinary diet should only 
be cautiously resumed. , 

6. Plomitdres Dottekes may be tried. It is important 
that they should not be given more frequentlv thm 
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three times a week, aqd that not more than 18 inches 
of pressure should be used. The treatment should 
not be continued mote than about three weeks. If 
these precautions are not observed, mucous colitis is 
almost certain to be produced. 

6. Mechanical Supports . — ^When there is definite vis* 
eeroptosis, much help may be derived from a well-fitting 
abdominal support. In my opinion, Curtis’s is the best. 

7. Surgical Procedures, such as irrigation of the 
colon through an appendicostomy wound, colopexy, 
short-circuiting, and even excision of the colon, have 
all been advised. They can seldom bo required, and 
should only be considered when all medical means 
have failed. 

8. Vaccine Treatment of Intestinal Intoxications . — 
The most rational procedure is to try and isolate the 
microbe responsible, if possible, but the results have 
been rather disappointing. If a blood culture be 
sterile, a plate culture may be made from the stools, 
and the effect of the patient’s blood in agglutinating 
or destroying the more definitely pathogenic organism 
tried. If we get a positive reaction with one or more 
of these, a vaccine should be prepared from such 
organisms. If it benefits the patients, we shall at once 
have established the fact that the case is really one of 
an intoxication, and have initiated the rational treat- 
ment for it. In the case of Bacillus eoli vaccines, 
Sidney Martin advises beginning cautiously with small 
doses, snob as one to four million. 

At present it is not practicable to work out cases in 
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ordinary practice in this way, but we may look for- 
ward to a time when we shall be able to correlate 
certain definite signs and symptoms with certain dis- 
tinctive microbes. The lines along which advance 
may be made will be evident. Casually testing the 
urine for indican is not sufficient for diagnosis, nor 
does purgation and extraction of the teeth comprehend 
the methods of treatment. 



CHAPTER XII 

IBBEOULAB ACTION OF THE HEART 

During the last few years much attention has been 
given to the study of cardiac irregularities in conse- 
quence of the introduction of Mackenzie's polygraph 
and Einthoven's string galvanometer, which have ren- 
dered the recognition of the various types possible. 
This is a gain, for the interest taken in cardiac murmurs 
had rather distracted attention from the cardiac 
rhythm. But our aim in treatment is to restore a 
normal rhythm; we cannot repair a valve. After all, 
the only value of a murmur is that it enables us to 
form an opinion as to the condition of the valves, and 
deduce the probable effect upon the heart muscle. 

It would be unfortunate, though not surprising, if 
thia activity in research created the impression that 
the subject had become too complex for any but special- 
ists to appreciate. Although it requires special train- 
ing to obtain or to interpret a curve obtained with the 
polygraph or galvanometer, certain simple main con- 
clusions have been reached which affect everyday prae- 
tioe. I propose to describe the chief types of irregu- 
larity, to explain their production and significance, 
387 22 
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and to show how far their recognition is now possible 
by means of the associated signs and symptoms, with- 
out the aid of elaborate apparatus. 

It is to Gaskell that we owe onr fundamental con- 
ceptions of cardiac rhythm. Here, as in his pioneer 
work on the sympathetic nervous system, his philoso- 
phical insight enabled him to lay the foundations so 
well and truly that it has only been left to others to 
build along his lines. After more than twenty years 
this work was applied to clinical medicine, with ex- 
cellent results. 

Previous to Gaskell, physiologists had referred the 
rhythm of the heart to the intracardiac ganglia. 
Bernstein had shown that if the ventricle of the frog’s 
heart were * physiologically disconnected ’ by crushing 
the auriculo-ventricular junction with a fine pair of 
wire forceps, it remained quiescent, while the rest, 
which contained ganglion cells, continued to beat. 
But Gaskell showed that if the intracardiac pressure 
were raised by ligaturing the aortss, the ventricle 
would beat rhythmically once more. 

In the tortoise’s heart ho was able to divide the 
septal nerve which passes between the two intracardiac 
ganglia without disturbing the rhythm; and by a series 
of interdigitating cuts in the auricular substance he 
compelled the wave of contraction to pass along a 
sigsag strip of muscle between the sinus venosus and 
ventricle, though all nervea must have been divided. 
Finally, by warming the ventricle and cooling the sinus, 
he was able to alter the relative excitability of the two 
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tnda of the heart so much that a levened rhythm was 
prodaoed. His oonclnsion was that rhythm was an 
inherent property of the cardiac muscle, and did not 
depend on the intracardiao ganglia. The beat nor- 
mally began at the sinus, because here the muscle was 
of a more embryonic character, while the ventricular 
muscle was the most differentiated. 

He also showed a point which has now become of 
great practical importance. If the bridge of auricular 
muscle be made too narrow by cutting, a ‘ block ’ is 
established on the course of the muscle wave, so that 
not every beat can pass over into the ventricle, but 
only alternate waves, or one out of every three, accord- 
ing to the width of the bridge. But after inhibiting 
the heart by stimulation of the vagus, the muscle 
accumulates enough energy during the enforced rest 
to enable it to convey every beat across the narrow 
bridge. On the other hand, in the period of com- 
parative exhaustion following sympathetic stimulation, 
the conductivity is lowered, so that fewer beats can 
pass over. An adequate strand of conducting tissue 
is essential to the due propagation of the wave of con- 
traction along the cardiac tube. 

Stanley Kent, in 1898, was the first to apply these 
results to the mammalian heart by proving the exis- 
tence of muscular continuity between anride and 
ventricle. His, and then Tawara, worked out the 
nature of the connecting band or ' auriculo-ventricular 
bundle,’ as it is now called, in much greater detail. 
It begins near the anterior edge of the right corona^ 
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vein, and then passes forward on the right side of 
the aorionlar septnm below the foramen ovale. Jnst 
below the insertion of the median flap of the tri* 
oospid valve this handle forms a knot-like thickening, 
the auriculo-ventrionlar node. From this knot a 
process arises which penetrates the fibrous septum, 
and runs along jnst below the pars membranacea of 
the septum, dividing into two main branches, which 
pass obliquely downwards, one on either side of the 
septum under the endocardium. So far these fibres 
do not blend with those of the ordinary cardiac 
muscle, being enclosed in a separate fibrous sheath; 
but when they reach the papiDary muscles they divide 
into a large number of branches, some of which enter 
the papillary muscles, while others pass on beyond them 
and follow the course of the small trabecule to the 
parietal wall, where they branch upwards and down- 
wards under the endocardium lining the whole inner 
surface of the cavity of the ventricle, to fuse every- 
where with the ordinary cardiac muscle fibres. 

The heart muscle of elderly people being of a brownish 
colour, the left main branch, with its two secondary 
branches, stands out very plainly on account of its 
rather greyish-white colour, but it can be recognized 
with practice even in the hearts of younger individuals. 
The node is made up of fine, pale, branching fibres 
with faint striation, which in some respects resemble 
embryonic muscle fibres. ,The fibres interlace and 
fuse with one another, thus contrasting with the 
elongated parallel arrangement of the rest of the 
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csrdiao mnwle. The hranohes and terminal filaments 
of the handle resemble the fibres, described in 1845 by 
Fnrkinje, in the subendocardial layers of the sheep’s 
ventricle. Morphologically and histologically these 
fibres represent the invaginated portion of the primitive 
tube from ishich the complex heart of the mammal is 
built up. 

But if these primitive fibres are the conducting 
strand along which the wave of cardiac contraction 
passes, we should expect to find thorn at the junction 
of the great veins with the heart, for this is where 
the wave starts. Keith and Flack found a remnant 
of primitive fibres persisting at the sino-auricular 
junction, in close connection with the vagus and sym- 
pathetic nerves, and having a special arterial supply. 
This is called the * sino-auricular node.' Here the 
dominating rhythm of the heart normally arises, and 
here it may roadily be modified by those extrinsic 
nerves which are known to infiuence it. 

Between the sino-auricular node and the auriculo- 
ventricular bundle there appears to be no strand of 
specialized tissue, though one observer, Thorel, claims 
to have found one. As we pass from the lower to 
the higher vertebrates, the primitive tissue becomes 
reduced in amount, and more concentrated in position; 
a strand of communicating muscle fibre is 

p ft ft pliar to the mftnuniiliftn heart. With this redac- 
tion the heart becomes less automatic in its action, 
and more in subjection to the central nervous system. 
Indeed, the nodes are extremely mtixnate neuro-mns- 
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oolar contacts. They have even been compared to 
the moscle-spindles of voluntary muscles — t.e., sensory 
rather than motor structures. Without going as far 
as this, we may admit that the bundle is not only a 
conducting, but a co-ordinating mechanism. Keith 
found in a case of heart-block of eighteen years’ 
standing that the bundle below the site of destruction 
was quite healthy. If it were merely a conducting 
bundle, it must have atrophied. As it did not, it 
must have some further function: it can create and 
co-ordinate as well as conduct a stimulus. 

The anatomical and experimental evidence is in 
favour of extending Gaskell’s conceptions, slightly 
modified, to the mammalian heart. Bering was able 
to produce a complete stoppage of the supraventricular 
parts of the heart by a cut made at the sino-aurioular 
junction; while Erlanger has shown experimentally 
that it is possible, by interfering with the anriculo- 
ventricular bundle, to reproduce the phenomena 
described by Gaskell in the tortoise's heart, and many 
of the forms of irregularity met with clinically. A 
clamp was devised in which a small piece of tissue, 
including the bundle, could be subjected to varying 
degrees of compression while preserving its normal 
relations. With very slight compression there was 
merely a lengthening of the normal pause between 
the auricular and ventricular contractions. These 
intersystolio periods, however, usually lengthen until 
eventually the ventricles fail to respond to one of the 
excitation waves. In the next qycle the intenystolio 
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period, oving to the increased excitability of the 
rested ventricular mnscle, is unusually brief. In 
succeeding cycles it again progressively lengthens until 
the ventricles again fail to contract. 

On tightening still more, further stages of heart- 
block occur; the auricles giving three or four beats to 
each ventricular contraction. When efficient waves 
get through from the auricles at longer intervals, the 
ventricles begin to beat independently. Thus a com- 
plete dissociation of the auricular and ventricular 
rhythm results. 

Before discussing the clinical equivalents of these 
phenomena, it will be well to consider a little more 
closely the physiological peculiarities of cardiac 
muscle. The following facts throw some light on its 
rhythmical power: 

1. If a resting cardiac muscle be stimulated by a 
series of shocks, a progressive improvement is seen in 
the first few beats, producing the so-called stairea$e. 
Each beat acts as a stimulus to the next, so that a 
rhythm, once started, tends to be maintained. This 
is apparently due to the stimulating effect of the 
carbon dioxide produced by the muscle. Carbon 
dioxide is thus a stimulant both to the heart and the 
respiratory centre, providing in this way for its own 
removal. 

2. AU shocks are maximal to the cardiac muscle— 
that is to say, whether a 4arge or small shock be givm, 
the response is the same, the muscle giving the best 
beat it is capable of at that moment. This is not a 
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contradiction of the previoos statement; the staircase 
would be seen just the same whether large or small 
shocks, or shocks of varying strength, were used. As 
long as the stimulus is effective the muscle gives the 
same response to each. 

8. Cardiac muscle has a long refractory period. If 
a shock be sent in just after a beat has begun, the 
stimulus is ignored; if it be sent in a little later, a 
small beat is given after the ordinary one; but the 
heart makes up for this by a longer pause, so that the 
third beat does not start till the usual time. It is there- 
fore impossible to throw heart muscle into tetanus. 

These facts can be partly explained on the analogy 
of a gun. When the gun is loaded, it does not matter 
whether much or little force is expended in the pulling 
of the trigger, the whole charge is fired off ; and when 
the charge has been fired off, it does not matter how 
forcibly the trigger is pulled, there is no response. 
The analogy fails in that we are able to get a small 
contraction when the fibre has partly recharged itself. 
All this points to an elaboration of contractile material 
in the muscle substance, which is * fired off ' as soon 
as enough is accumulated. Normally the charge is 
fired off by the train laid in the auriculo-ventricular 
bundle. 

We do not know at present what the charge is com- 
posed of, but we do know that ionized salts play a large 
part in its elaboration. For, whereas dialyzed serum 
will not maintain cardiac rhythm, a saline fluid, such 
as Ringer's, which contains salts of sodium, potassium, 
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and calcionit is highlj efficiont for this pnrpos6> It 

t 

while if calcinin be left oat qrstole becomes imperfect. 
AnJ Locke has shown that the addition of dextrose 
and oxygen to Ringer’s fluid makes it a remarkably 
efficient medium for maintaining rhythmical contrac* 
tions in an excised heart. In the presence of these 
substances, then, the heart is able to keep up a supply 
of its contractile material. 

This is not really incompatible with Carlson’s ideas. 
According to him, the peculiarities of cardiac con- 
tractions are due to the heart wall being an intimate 
blend of muscle and nerve. His conclusions were 
reached by studying the contractions of the heart of 
Z/mtdns, or kmg-crab. Here the muscular and nervous 
elements are anatomically separable, and the muscle 
is found to approximate in its reactions to those of 
ordinary muscle. And Rohde found that on perfusing 
chloral hydrate through the mammalian heart, a stage 
was reached at which the heart responded to direct 
stimulation like ordinary muscle. It was then readily 
tetanized, the characteristic refractory period was not in 
evidence, and the heart responded to stimuli of gradu- 
ally increasing strength with contractions of gradually 
increasing amplitude. His interpretation was that 
chloral had accomplished pharmacologically the sever- 
ance of the nervous and muscular elements, which can 
be performed anatomically in Limvlus. If we regard 
the cardiac wall os neuro-muscular in structure, it 
does not dispose of the argument that the rhythm is 
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independent of the macroscopic ganglia, bat is con- 
dncted along a strand of embryonic fibres which repre- 
sent the remains of the primitive cardiac tube. 


Types ol Disturbed Cordlao Rhythm. 

We can classify the principal types of cardiac 
irregularity in terms of disturbed function of this 
primitive cardiac tube. If the rhythm be initiated 
irregularly at the sinus venosus, we have the type 
known as svnns irregularity ; an abnormal stimulation 
of the tube at some point below the sinus results in a 
smaller premature contraction or extra-systole. If the 
contraction of the auricle between the sino-auricular 
node and the aurioulo-ventricular bundle is disorderly, 
we have auricular fibrillation. A diminution in the 
conducting power of the bundle prevents each con- 
traction of the auricles from being followed by one 
of the ventricles, heart-block. Finally, owing to ex- 
haustion of contractility the beats may vary in strength, 
•pulsus altemans. Most forms of irregularity can be 
explained as due to one or more of these conditions. 

1. Sinus Irregularity. — The remains of the sinus 
venosus at the entrance of the great veins is the 
normal ‘ pacemaker ' of the heart and sets the rhythm. 
In sinus irregularity the rhythm is initiated at the 
normal place, but not at the normal time. Once the 
wave of contraction is started it is propagated quite 
normally. The duration of systole remains constant, 
but the diastolic intervals vary. As the pulse quickens 
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it u the diastolic intervals that are encroached on, 
so that this type of irregularity tends to disappear as 
the heart quickens — as, for instance, in fever or exer- 
cise. On the other hand, it is apt to appear for the 
first time, or to reappear as the heart slows down after 
a febrile attack. Windle has noticed that it is common 
in children in such circumstances. The dog is very 


Dia^am / 



Bnrua iBBioirLABiTT. 

A repraseata the aoricular beat as determined by the Jugular 
pulse. F represents the yentricular beat as detormint^ by 
the carotid pulse, a-c represents the interval taken up in 
the passage of the impulse along the auriculo-ventrioular 
bundle from auricle to ventricle. In sinus irregularity the 
inception of the rhythm occurs at irregular intervals, but 
each beat, when startedr is carried out in a regular manner. 


liable to this form of irregularity, which disappears 
after section of the vagus. It is therefore attributed 
to vagal irritation — a view supported by the fact that 
when the vagus is unduly irritable, sinus irregularity 
can be induced reflexly by swallowing or by hurried 
respirations — two acts ih which the sensory branches 
of the vagus are stimulated — and by the fact that 
atropin temporarily abolishes it. 
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Biniu irregularity can be recognized by the fact that 
though the pulse-rate is varying, usually with respira- 
tion, the beats are equal in strength, while on ausculta- 
tion the mterval between the first and second sounds 
is constant. It is met with in healthy people as well 
as in neurasthenics. Mackenzie calls it the juvenile 
type of irregularity, and even considers its presence 
a sign that the myocardium is not impaired. It does 
not cause any real inconvenience, and is generally 
detected merely by examination. Its recognition is 
important simply that undue significance may not be 
attached to it. In short, an irregularity that dis- 
appears with exercise or with a rise of temperature 
need not trouble us. It is true that it may occur in 
cerebral diseases, such as tuberculous meningitis, 
but its presence does not affect the gravity of the con- 
dition in any way. 

2. Extra^ystoles.— Premature contractions of tke 
avrich, or mors nstutlly of the ventricle, in response to 
a stimulus from some other portion of the heart than the 
sitw-aurieular node, but where otherwise the fundamerUal 
rhythm is maintained (Mackenzie). 

When a stimulus is initiated at some other part of 
the heart than the sino-aurioular node a premature 
contraction will occur, and as the heart has not had 
time to accumulate enough contractile material, this 
beat will be smaller than normal, and, for a similar 
reason, it will be followed by a longer pause. This 
disturbance of rhythm constitutes the extra-systole, 
and usually involves the ventricle alone, thou^ it may 
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oooasionally implicatd the auricle. It had been pio- 
dnced experimentally many yean before its clinical 
counterpart was known. As was shown experi- 
mentally by Marey, and clinically by Lewis, the 
fundamental heart-rhythm is not disturbed by an 
occasional extra-systole; the next beat after it occurs 
at the proper time. It can be detected by the pre- 



■XTBA-STSTOLU. 

Noto that the snrioulor beata an lenlar, bat that a pramatun 
rentrionlar beat occure ^ter the normal one. The next 
aorioolar beat, therefore, reaches the Tenttiole during the 
refractory period, and ooneequently ia not followed by a 
ventrienlar contraction. The letten have the lame eigiw- 
oance aa in the former diagram. 


mature cardiac impulse followed by an abnormally long 
pause. On auscultation the regular sequence of the 
heart sounds is occasionally interrupted by two sharp 
sounds, or only one may be heard if the beat is feeble, 
followed by a long pause. The premaLure beat may 
not reach the wrist, bepanse the contraction was not 
forcible enough to open the aortic valves. On examin- 
ing the venous pulse in the neck while auscultating, it 
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may be noted that a large aoiieolar wave comes just 
after the premature beat of the yentricles. This is 
due to the fact ihat the aarioular rhythm oooorring 
at the normal time has to attempt to drive blood into a 
ventricle already in systole, and failing to do this a 
larger volume of blood is driven back into the great 
veins. The chief sensation of which the patient com* 
plains is the long pause after the extra-systole, ‘ as if 
the heart had stopped,' or a ' thud ’ which accom- 
panies the beat following the pause. What patients 
term ‘ palpitations ’ are usually extra-systoles. 

Too much importance need not be attached to this 
form of irregularity. Mackenzie calls it the adult type 
of irregularity and says: ‘ I have followed oases for 
many years, and watched them pass through seasons 
of sickness and stress, and have seen no reason to 
attach any serious import to this symptom.’ Lewis 
takes a more guarded view when he says: 'In them- 
selves premature beats cannot be regarded as evidences 
of serious involvement of the heart-muscle, although 
such involvement is often found in conjunction with 
them.’ Thus in a syphilitic, or if the blood-pressure 
is persistently raised, they may have a more serious 
significance, and graver irregularities, such as heart- 
block, may ensue. At first sight extra-systole seems dia- 
metricaUy opposed to heart-block, being due to increased 
irritability of the auricnlo-ventricular bundle instead 
of diminished conductivity. But it has been found 
both experimentally and clinically that sli^t ledons 
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of the bundle may oaose extra-systoles by stimnlating 
it, while severer lesions may obstruct the conduction 
of a wave through it. Tobacco, digitalis, and digestive 
disturbances may all excite extra-systoles. They are 
more frequent, or, at any rate, the patient is more 
conscious of them, after food. Bromides in a digestive 
mixture may afford considerable relief. 

Paroxysmal tachycardia is due to the less common 
condition of extra-systoles starting in the auricles. 
Although this does not strictly constitute irregularity 
except when the paroxysms last but a few seconds, it 
will be convenient to consider it here with the con- 
ditions to which it is so closely allied. Lewis {Lancet, 
1912, ii., p. 1418) describes the features of a simple 
tachycardia such as occurs in exophthalmic goitre, 
pulmonary tuberculosis, infective conditions, and alco- 
holism, as follows: The pulse-rate falls during rest or 
recumbency, rismg to the original rate on standing 
up again; it is enhanced by exercise, emotion, and the 
like; the electro-cardiogram is of the normal type, and 
the rapidity is gradual in onset and termination. This 
simple tachycardia should never, in the absence of 
other signs, suggest a cardiac lesion. 

There are pathological types of tachycardia, on the 
other hand, which appear and disappear abruptly, 
and are uninfluenced by posture and exercise. In these 
the auricular portion of the electro-cardiogram shows 
a decided departure froip the normal. This is due to 
an irritable focus in the auricle, and the auricular 
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extra-systoles are initiated there, passing onwards to 
the ventrii^as osnal, bat baehpards to the entrance of 
the great veins, thus inverting the anrionlar wave in 
the electro-cardiogram. Such a tachycardia rarely, if 
ever, produces contractions more frequently than 200 
times a minute. 

Attacks may be precipitated by exertion, emotion, 
flatulence, and the assumption of certain postures. 
Usually the only symptom is the rapid flattering 
action of the heart, but in the more severe cases 
anginal symptoms and venous congestion may be 
present. Usually these abate quickly on cessation 
of the tachycardia, but fatal heart exhaustion has 
occasionally followed. Yet Lewis, with his exceptional 
experience, has not met with a fatal case, so we are 
justified in reassuring the patient. The spontaneous 
ending of paroxysmal tachycardia has led to various 
forms of treatment being credited, without justifica- 
tion, with producing the desired effect. A careful 
search should be made for any septic focus, a firm 
abdominal binder should be worn, and the application 
of an ice-bag to the preoordium should be tried. 
Borne patients have found for themselves that deep 
respirations or the adoption of a certain attitude, such 
as lying supine, affords rdief. 

Lewis distinguishes between this and a condition 
of ‘auricular flutter,' in which the auricular beat 
may rise as high as 850 a piinute, but, as may be 
imagined, the ventricle can rarely keep up such a pace. 
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It may respond to every second or fonrth anrioolar beat, 
or it may respond nnevcnly, producing obvious irregu- 
larity. His reasons for separating ' auricular flutter ' 
from simple paroxysmal tachycardia are that the former 
may be forced by the administration of digitalis into 
auricular fibrillation, and that it is almost invariably 
associated with heart-block. But probably no hard- 
and-fast line can be drawn, flutter representing the 
more extreme grade of auricular extra-systoles, and 
therefore being more likely to produce an exhaustion 
of the auricle. When the tachycardia lasts for weeks 
or months, it is probably due to flutter. This condition 
is much more responsive to digitalis or strophanthus 
in full doses than the ordinary paroxysmal form, in 
which all remedies are uncertain. 

8. Auricular Fibrillation. — Interference mih the pas- 
sage of (As wave from sinus to ventricle owing to irregular 
and inadequate contractions in the auricle. 

This is the irregularity seen in the later stages of 
mitral disease, especially mitral stenosis. Mackenzie 
has called attention to the way in which the typical 
crescendo presystolic murmur may suddenly vanish. 
A diastolio murmur, diminuendo in character, may be 
present, but its method of production is different. 
The crescendo murmur is due to auricular contraction, 
while the diastolio murmur is due to the blood which 
has been stored up in the auricle during ventricular 
^tole flowing through a constricted orifice as soon 
as the ventricle passes into diastole. The former is 


23 
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an active process, the latter is passive. At the same 
time the jngtilar pulse changes in character, presenting 
no evidence of an auricular contraction in the normal 
period. 

Levds found, by Einthoven’s string galvanometer, 
that the ordinary wave of auricular systole is replaced 
by a number of very fine waves with a frequency of 
200 to 800 oscillations a minute. Probably the over* 
stretched muscle of the auricle with its obstructed out- 
flow has become incapable of orderly contraction. 
This is supported by Lewis's observation that a rise 
of venous pressure produced by squeezing the abdomen 
may produce a paroxysm of auricular fibrillation, and 
by tbe fact that when auricular fibrillation is experi- 
mentally produced in the dog the auricle is seen to 
be ' ballooned.' The condition is also seen in arterio- 
sclerosis, where degeneration of the coronary arteries 
impairs the blood-supply to the auricular muscle, and 
in Graves' disease. In each instance the auricular 
muscle is rendered more irritable but less effective. 
Both in auricular flutter and auricular fibrillation 
' circus movements ' are set up. The contractile 
wave continually passes over the auricular muscle, 
following a regular course in flutter and an irregular 
one in fibrillation. In the latter the stimulus, there- 
fore, reaches the auricolo- ventricular bundle in a rapid 
and highly irregular rhythm, to which the ventricles 
can respond only in an iir^^r manner. 

Auricular fibrillation can generally be recognized 
even without special apparatus by the following points : 



AURICULAR FIBRILLATION S55 

(1) The pulse is cottpletely irregular. There is no 
relation between the sise and the strength of the beats 
and the preceding diastolic pauses, such as is found, 
for instance, with extra-systoles. (2) The veins in the 
neck are distended, causing a feeling of fulness, and 
the only large wave seen in them is synchronous with 
ventricular systole. (8) The disappearance of the 
typical presystolio murmur of mitral stenosis. (4) With 
the onset of auricular fibrillation the subjective symp- 
toms become increased. Anginal pain, a flattering 
sensation, faintness, pallor, and dyspnosa with orthop- 
noea are common. If thoy occur suddenly with an ir- 
regular pulse, they are almost always due to fibrillation. 

In consequence of the rapid disorderly rhythm 
imposed on them, the ventricles are placed at a great 
mechanical disadvantage, and it is to this that the 
serious symptoms are due. Fibrillation plays an 
important part in the ultimate breakdown of the 
heart. If the ventricular rhythm can be made slower 
and more regular, enough blood can be aspirated from 
the auricles into the ventricles for the purposes of the 
circulation, even though the former remain in their 
state of paralytic distension. The action of digitalis 
is more successful in auricular fibrillation than in any 
other class of case, and a few doses may change the 
condition from one of acute distress to one of com- 
parative comfort. This is apparently due to its 
depressing effect on conductivity, producing, in fact, 
a mild degree of heart-block, so that the auriculo- 
ventzicular bundle ignores a large number of the 
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irregular stimuli it receives from the fibrillating 
auricle. It is best to give it in full doses of 16 minims 
four-hourly for a time. In Mackenzie’s opinion there 
is no risk in doing this, as the first toxic action of tho 
drug is headache or nausea and vomiting, which 
indicates reduction of the dose. 

Of late the plan of rapid digitalization has been 
sometimes adopted in urgent cases. Fraser recom- 
mends giving three doses at six-hourly intervals, the 
first being drachms, the second 1 drachm, and the 
third I drachm of the tincture. Then there should be 
an interval of two to three days without medicine, 
after which ordinary doses of digitalis are given. 
When it has exerted its steadying effect on the rhythm, 
it can be reduced to the smallest dose sufficient to 
maintain the effect. The appearance of coupled beats 
is a sign to stop digitalis altogether for a time. The 
influence of the drug is much less if there is fever, 
especially if the fever is due to something which infects 
the heart-muscle. Of this a recurrence of rheumatism 
is a good example. Its action is less marked in the 
cardio-sclerotic cases, because there is generally more 
degeneration of the myocardium. It will be noted 
that digitalis does not strike at the root of the mis- 
chief; it merely checks its effects. In quinidine, 
however, we now have a drug which can frequently 
control the circus movements by lengthening the 
refractory period and slowing the conduction of the 
excitation wave from point to point in the muscle. 
Thus it restores a normal auricular rhythm. Its use 
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is not free from risk. Headache, nansea, vomiting, 
diarrhoea, and abdominal pain are not nncommon, 
bat may pass off without reduction of the dose. 
Papular eruptions, visual disturbances, faintness, and 
distress have been recorded. A more serious drawback 
is its liability to produce embolism, particularly cerebral 
embolism, the restoration of auricular rhythm tending 
to dislodge clots from a previously stagnant cavity. 

The dose usually recommended is 5 grains of quini* 
dine sulphate six-hourly, increasing up to 7-grain 
doses, and then gradually reducing to 5 grains twice 
a day. But I have generally started with smaller doses 
than these, and it is always well to give a trial dose of 
2 to 8 grains as a precaution against idiosyncrasy for 
it. Even when a normal rhythm has been restored a 
dose of 8 grains twice a day should be given over long 
periods to prevent relapse. The drug has been recom- 
mended for paroxysmal tachycardia, and I have used 
it with success in the auricular extra-systoles of ex- 
ophthalmic goitre. But it will not prove a success either 
in this or in the auricular fibrillation of exophthalmic 
goitre as long as a toxic factor is present. 

4. Heart-Block . — Every auricular coTUradion is not 
joUowed by a ventricular contraction. 

Heart-block may be: (1) Complete. The rhythms of 
the auricle and ventricle are then entirely independent. 
(2) Incomplete. Then the conductivity of the auriculo- 
ventricular bundle is so impaired that one out of every 
two or three auricular beats is unable to initiate a 
ventricular beat. The lengthening of the o-c interval 
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before the dropping of a beat occurs is evidence of 
the difficolty that the wave of contraction enconnters. 

The features of heart-block are: (a) Slow pulse, at 
first paroxysmal, but tending to become permanent. 
The commonest rate is 80 a minute, but 20 or even as 
low as 6 have been observed, (b) The auricular con- 
tractions, as evidenced by the wave in the jugular 
vein, remain approximately normal, however, and 
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not followed by a ventrioular oontraotion. The letten have 
the same signinoanoe as in the former diagrams. 


even by inspection of the neck it may be possible to 
make out that every oontraotion of the auricle is not 
followed by a ventricular contraction, (c) Attacks of 
vertigo, syncope, or epileptiform convulsions, in the 
severer oases. 

The combination of slow pulse, and epileptiform 
convulsions has been known since the middle of last 
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centniy as Stokes- Adams disease, but its significance 
and the method of its production have only been 
recognized more recently. The anatomical changes 
found point strongly to the conclusion that the cause 
is a lesion of the auriculo-ventricular bundle, the 
cerebral symptoms being duo to aniemia of the brain 
resulting from the defective circulation. 

The following are some of the principal changes that 
have been found: Gummata (Handford, Keith and 
Miller); anemic necrosis consequent on thrombosis of 
the nutrient arteries (Jellick, Cooper, and Ophuls); 
fibrosis (Barr, who, however, does not admit the 
significance of this; Schmoll, 0. A. Gibson, A. G. 
Gibson); new growth (Sendler, Luce); atheroma 
(Stengel, Aschoff); fatty infiltration (Aschoff). That 
similar symptoms can be produced by pathological 
conditions so diverse supports the idea that the one 
feature common to them all — i.e., interference with 
the conducting bundle — ^is the essential cause. 

Temporary heart-block has also been described in 
acute rheumatism and influenza. This is probably 
due to the bundle becoming involved in the inflam- 
matory lesions of the myocardium, which are by no 
means uncommon in rheumatism and septic states. 
Recovery may be complete, or fibrosis may follow, 
producing organic changes in the bundle in later life. 

Heart-block has been observed in asphyxial con- 
ditions, even after bot)} vagi have been cut. Lewis 
and Mathison believe that the lactic acid resulting from 
oxygen starvation poisons the conducting tissues. It 
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has also been excited by digitalis, aconitine, physostig- 
min, adrenalin, squills, and strophanthus, but appar- 
ently in all these cases there was impaired conductivity 
before the drug was given. 

The following case, under my care, exemplifies the 
clinical features of this disease: 

A man, aged thirty-nine, was admitted into hospital 
for numbness of the extremities and headache. There 
was nothing of importance in his past or family 
history. The heart-sounds were rather faint, but there 
was no murmur. His pulse was 80 and regular. The 
systolic pressure was 120 millimetres. The urine was 
free from albumin. Three days later he complained 
of epigastric pain and tightness across the chest. He 
said that he could feel ' something jumping about 
inside.’ The frequency of the radial pulse was now 
only 20, while the frequency of the venous pulse in 
the neck, which was very marked, was 80. A soft 
systolic murmur could now be heard at each contrac- 
tion of the ventricles. On the X-ray screen thirty- 
two auricular contractions could be counted to nine 
ventricular. The dissociation of rhythm was clearly 
visible. Strychnine and caffein were given and the 
normal rhythm soon returned. Two days later the 
drugs were discontinued; within fourteen hours he had 
another attack. * Everything in the room was turning 
lound,’ he said, and he was evidently in great distress. 
The pulse at the wrist fell to Ip, wWle the venous pulse 
was 90. He was given strychnine subcutaneously, 
and caffein by the mouth. Again he rapidly improved. 
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Under treatment the attacks diminished in freqnenoy, 
though in one the pulse fell to 12. After about three 
weeks’ immunity he had a series of severe attacks, 
being unconscious during the periods of bradycardia, 
and regaining consciousness as the pulse revived. He 
then passed into an epileptiform state, in which he bit 
his tongue and lost control over the sphincters, while 
the legs and back were quite rigid. For about three 
days he passed through those phases in turn: the 
ventricles stopped and he became unconscious; the 
pulse returned, he became convulsed or excited. On 
several occasions competent observers believed him 
to be dead, yet on powerful stimulation the heart could 
be made to beat again, and ho came back to life for 
a time. At last it stopped for ever. 

The heart was found to be only slightly hyper- 
trophied, and there was a little atheroma of the coro- 
nary arteries. No other signs of disease could be found 
until the muscular tissues near the auriculo- ventricular 
bundle were examined microscopically in serial sections, 
when degenerated fibres were found embedded in a 
mass of fibrous tissue. 

There had evidently been a progressive fibrosis 
involving the bundle of His, so that a partial heart- 
block ultimately became complete. At first drugs 
which improve conductivity appeared to combat 
this, but as the strand of connecting tissue became 
narrower they failed. Sven in complete heart-block 
the ventricles may continue to beat slowly and in- 
dependently, for they have a rhythmical power of their 
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otm. This, however, is nsoally not adequate to main- 
*tam the circulation efficiently. 

As a large proportion of cases of heart- block are due 
to syphilis, Wassermann’s reaction should be tried in 
every case, and if it is positive, vigorous anti-syphilitic 
treatment must be carried out, for, though often dis 
appointing, it affords the best chance of relief. In 
young people with a history or symptoms of rheu- 
matism effective doses of sodium salicylate should be 
given, for there is no commoner cause of heart-failure 
in the young than rheumatic carditis. Atropin is 
indicated on theoretical grounds, as it paralyzes the 
inhibitory action of the vagus, but it does not appear 
to give good results when the block is complete. 
Gaffein and strychnine are worth trying during the 
paroxysm. They both appear to improve conductivity, 
and the former diminishes the action of the vagus on 
the heart as well. Theobromine may suit the oases 
with high blood-pressure better than caffein. Digitalis 
is often said to be contra-indicated as long as the block 
is incomplete, since it depresses the conductivity of 
the bundle. But, as Lea and others have pointed out, 
when the block has become complete, digitalis cannot 
depress conductivity any farther, while it may improve 
the contractions of the independently acting ventricle. 
And there may be an actual advantage in converting 
an incomplete into a complete heart-block so as to cut 
off disturbing influences fromithe auricle. 

6. Pulsus Altenums. — A regular sueoession of small 
and large beats. Whereas deficient conductivity will 
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lead to heart-blook, impaired contractility will lead to 
pulsoB altemane. The latter is generally attributed^ 
to variation in the number of the ventricular fibres 
which contract during systole. But if this were so, 
there should be cardiographic evidence of its existence 
which is not forthcoming. Another yiew is that the 
heart, as a whole, is defective in contractile power. 
This rather contradicts the * all for nothing ’ principle 
of cardiac contraction. Pulsus alternans is usually 
associated with high blood-pressure. It may bo 
brought out only on exertion, and it is well to try the 
effect of exercise in suspected cases. It is difficult to 
recognize the condition by the finger even when the 
pulse tracing shows obvious alternation. As the systolic 
pressure of the larger beats is higher than that of the 
small beats, the condition may be recognized by 
applying the sphygmomanometer and just raising 
the pressure in the armlet sufficiently to halve the 
pulse-rate at the wrist. This alternation implies a 
grave condition, for it is the expression of an exhausted 
heart, with great impairment of its reserve forco. 
In Lewis’s graphic phrase, ‘ it is the faint cry of an 
anguished and fast failing muscle, which, when it 
comes, all should strain to hear, for it is not long 
repeated.’ According to Davenport Windle, the 
practical value of recognizing this altered rhythm is 
that it occurs in aged people before the symptoms of 
heart faulure. Thus it is a danger signal. He states 
that in any patient with arterial disease and alternating 
pulse the occurrence of angina may be confidently 
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predicted, anless dropsj sets in, when angina, if pre> 
* vionalj present, ceases as a role. 

Apart from angina, the dominant symptom is 
apparently causeless breathlessness. If this occurs in 
an elderly patient with high pressure, but in whom the 
heart is only a little enlarged and free from valvular 
defects, the lungs clear and the kidneys not evidently 
diseased, the presence of alternating pulse is probable. 
The dyspnoea is sometimes paroxysmal, or there may 
be Gheyne-Stokes respiration. The gravity of pulsus 
altemans may be gathered from the fact that in 
Windle’s series of seventeen cases no patient lived 
longer than seventeen months after he first observed 
pulsus altemans. Its diagnosis from the bigeminal 
pulse of ventricular extra-systoles is important, for the 
latter means no more than increased excitability of 
the heart; and although it may be associated with 
cordio-sclerosis, it is in no sense an index of the degree 
of myocardial degeneration, and does not afford any 
indication as to the expectation of life. The distin- 
guishing point is that in extra-systole the long pause 
follows the small beat, while with an alternating pulse 
the intervals may be equal, or if unequal the shorter 
pause follows the smaller beat. On auscultation the 
characteristic rhythm of the extra-systole will be 
recognized. It may be expressed thus: 'Lnb— dup 
to tup,’ followed by a long pause. 

Conclusions.— Though much remains to be worked 
out, we have already learned much as to the widely 
different significance of the various types of irregularity. 
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Sinns irregalarity has no real significance. Extra- 
systoles, produced either in the auricle or ventricle,' 
mean increased irritability of the heart, but not 
necessarily any serious organic defect, and are com- 
patible with many years of active life. Auricular 
fibrillation means a serious mechanical defect, which 
is an important factor in inducing heart-failure. Heart- 
block, except when due to a temporary toxic cause, is 
always grave. Alternating pulse is prognostic of 
death within two years. The recognition of the first 
two types in young 'persons should prevent us in the 
future from alarming a patient, already nervous, by 
the vague but terrifying diagnosis of weak heart. 
Sinus irregularity will probably subside after adoles- 
cence. This explains those cases in which patients 
say that they have had a * weak heart ’ for years, and 
nothing can be found on examination. 

Treatment. — ^In the light of the now evidence as to 
cardiac rhythm, the action of drugs ordinarily used for 
diseases of the heart has had to be reinvestigated. The 
data are still insufficient, but some conclusions have 
been arrived at. 

Digitalis is by far the most potent of these drugs, 
but it is a two-edged sword, and very unsatisfactory 
results may follow its use in unsuitable cases. In 
animals, besides its action on the heart, it has a pro- 
nounced effect upon the bloodvessels, causing vaso- 
constriction, and therefore a rise of blood-pressure. 
Becent observers have fuled to find this vaso-con- 
strictor action in human beings. Still, it does not seem 
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to give Bodi Batisfactory resoltB when the preBBure ia 
high and, indeed, Withering, when he introdnced the 
drag, did not adviee itB OBe in the type of oaBe which 
we now know has a raised pressare. In each oircom- 
Btances I osoally prefer strophanthua. 

Taming from the vessels to the heart, we have to 
distinguish between the action of the drag on con- 
ductivity, on tonicity, and on contractility. On con- 
ductivity digitalis often has a depressing effect; Mac- 
kenzie has shown that it caases a delay, and sometimes 
a stoppage, in the transmission of the impulse from 
auricle to ventricle. Conduction is such an important 
function of the auriculo-ventricular bundle that, when 
this Btructure is involved, as in partial heart-block, 
digitalis is contra-indicated. In many cases of 
heart-block the systolic pressure may be quite 
high, although the arterial pulse is so slow. Gibson 
has seen three cases in which it ranged from 210 
to 270 millimetres. In one such case, where the 
radial pulse was 32, while the venous pulse was 64, 
I found that the systolic pressure was more than 
800 millimetres. The diastolic pressure, however, 
is relatively low. 

On the other hand, when auricular fibrillation is 
found in mitral stenosis, digitalis is a most useful drug. 
Here the bundle itself is not at fault, but lowering its 
conductivity enables it to ignore many of the irregular 
stimuli reaching it from the auricle. The most striking 
and inunediate benefit I have ever seen from digitalis 
was in a case of mitral stenosis with auricular fibriUa- 



CABDUC DRUGS 


S67 


.tion. Mackenzie believes that the drag owes its raputa* 
tion to its remarkable action in these cases. Bat 
digitalis also has a great effect on tonicity. Gashing 
says, ' In oases of dilatation with weak and insofiScient 
systole, its action is almost specific. This is true, 
whether one or both ventricular chambers are affected, 
so long as the cardiac muscle has not undergone 
degeneration.’ In the acute dilatation of febrile 
affections, however, it has no effect, and not much on 
the dilatation secondary to cardio-sclerosis. Coupled 
beats are a sign to stop the drug for a time. 

On rate it has very little action, except whore rapidity 
is due to dilatation. On contractility it occasionally 
has a depressing effect. 

We may classify the reaction of the different 
types of irregularity to digitalis in tabular form 
as follows: 


Digitalis Is Indtcatod in 

DlgltaiU Is of no lb's lu 

Digitalis Is oontra* 
indicated in 

Auricular fibrilla- 
tion. 

Xsj be Indicated In 
Heart-block. 

SinuB irregularity. 
Ventricultf extra- 
systoles. 

Paroxysmal tachy- 
cardia. 

Toxic myocarditis. 

Pulsus altemans. 


Btrophanthus is not so readily absorbed as digitalis, 
but intravenous injections of strophantbin produce a 
very powerful effect. A dose of ^ viv ^^7 ' 
be given in a little saline, and repeated in two hours. 
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and then in four bonra. If digitalis has been recently, 
given it has been considered dangerous to give intra* 
venous stropbanthin, but this has not been my ex- 
perience. 

The action of the caffein group and of strychnine 
has already been considered under heart-block, while 
quinidine has been discussed under auricular fibrilla- 
tion. 

This is not the place to attempt to deal with the 
treatment of cardiac arrhythmia in general; my object 
is simply to call attention to certain modifications in 
our ideas which result from our fresh knowledge of 
the functions of the cardiac muscle. 


The Eflort Syndrome. 

It has long been recognized that certain heart symp- 
toms are common in warfare, and they were carefully 
studied by Lewis in the late war. His conclusions 
being based on physiological method are appropriate 
to our present topic. The importance of the subject 
can be realized from the fact that cardio-vascnl&r 
symptoms are second among medical ailments as a 
cause of invaliding out of the Army, amounting to 
10 per cent, of all oases, both medical and surgioaL 
No less than 70,000 soldiers reported sick on such 
grounds, only about 10 per cent, of these being oases 
of structural heart disease; of<-the remainder the vast 
'majority were, in military parlance, ' Disordered Action 
of the Heart.' 
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min a healthy man,' daring or after aufiSciei^tly 
Btrenuous exercise, certain symptoms and certain ph^i> 
cal signs are presented. He becomes breathless and 
conscious of the heart's action, while giddiness, faint* 
ness, and fatigae may ensue. Later there may be 
tremors, stiffness of the muscles, and exhaustion. With 
extreme effort precordinl pain may be produced. 
Daring the exercises the rate of the heart and the blood- 
pressure are raised, while the accessory muscles of 
respiration are brought into action. Now, these are 
precisely the symptoms called disordered action of the 
heart (D.A.H.) in the Army. The difference is that 
they are produced by an unduly small amount of 
exertion, and persist unduly after that exertion. 
The degree of effort needed to call them forth is an 
inverse measure of morbidity. It is because the 
signs and symptoms are largely — in some cases 
wholly — the exaggerated physiological responses to 
exercise that Lewis terms the condition the ‘ effort 
syndrome.’ 

The largest number of the patients form a group 
showing signs of constitutional weakness, nervous or 
physical or both. Another large group are those worn 
out by exposure, exertion, lack of sleep, and the con- 
tinuoas strain of front-line work. A third important 
group occurs among those convalescent from acute 
iUness. 

Another group are these suffering from infections, 
such as incipient tuberculosis, local coUections of 
pus, and infections of tho, intestinal tract; Small 
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groups are those showing either delayed recovery from 
gas poisoning, or incipient but unrecognized heart 
disease. 

The strain of war imposes entirely fresh conditions, 
under which some break down quickly, others only after 
it has been severe or prolonged. War is ' a test which 
emphasizes a recognized defect; it confirms a suspected 
or discovers an unsuspected weakness; that is its 
general method. But often it sifts unfairly, submitting 
its victims to wholly unnatural strains and accidents.’ 
The apparent frequency of the syndrome in soldiers 
is chiefly, if not entirely, due to its unveiling by circum- 
stances which the civilian does not meet. The con- 
clusions worked out on the large scale under military 
conditions are applicable to similar cases occurring 
in civil life and are, therefore, of permanent value. 
It is not surprising to find that the greater number 
of the cases were recruited from sedentary or light 
occupations, because many had tended to drift into 
such occupations as appropriate to their strength, and 
because the following of a sedentary calling tends to 
dMrease physical fitness. Alcohol can be exonerated 
as a cause; nor does tobacco seem to increase the 
liability to the condition though it aggravates it once 
it has been produced. Lewis does not regard hyper- 
thyroidism, gas-poisoning, or shell shook, as any more 
than aggravating causes. 

There is little doubt that in the earlier days of the 
war many of these oases were treated on mistaken 
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. lines. The very labelling of enoh oases as suffering 
from some form of heart disease is not only inaoonrate, 
but also injurious to the sufferer. Keeping them in 
bed also does harm rather than good, while drugs are 
of little avail. The most successful plan has been 
that of graded exercises. Preliminary examination 
will eliminate oases of mitral stenosis, aortic disease, 
aneurism, or material cardiac enlargement, as well as 
cases suffering from manifest diseases of other systems; 
these should be recommended for discharge as per- 
manently unfit. With the remainder drills or games 
should be so graded that no man is submitted to stiff 
exercises before his tolerance of easier exercises is 
thoroughly established. The drills in the case of 
soldiers should consist, so far as possible, of exercises 
familiar to them in the Army so as to avoid loss of time 
in acquiring a knowledge of them. It is advisable to 
break the monotony of longer drills by short set games. 
In this way the average stay in hospital can be reduced 
to six to ten weeks. Half of them may be rendered 
fit for full or light duty, while the other half have to 
remain in the stationary class or be discharged as unfit. 
It is interesting to note that 10 per cent, of the total 
were able again to acquit themselves in the firing-line, 
but that in those who had to be discharged improve- 
ment was no more than slight even nine months 
later. 
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OompeniaHoii. 

Certain physiological principles will help to a com- 
prehension both of the occorrence and of the fulnre 
of compensation. 

If the cardiac moscle be exposed to an increase of 
its load, snob as occurs when there is a greater resist- 
ance to the outflow of blood, it responds by moreased 
energy of contraction. With each addition to its load 
there is more shortening of the fibres. Of course, 
there is a limit to this, and, if the load be increased 
too much, the muscle may fail to respond at all. It 
has been said that the heart’s motto is * All nr 
nothing’: the tendency of the cardiac muscle is to 
rise to an emergency and do all that is required of it, 
but, if it be unable to meet the demands in full, to do 
nothing at all. In this we see the explanation both 
of compensation and of syncope; the muscle goes on 
responding until the proverbial last straw proves too 
much for it. 

How great is this reserve force of the heart is seen 
by the experiment in which a ligature is placed round 
the pulmonary artery and slowly tightened. The 
lumen of the artery may be reduced to one-third of 
its normal size without perceptibly Himinialiiiig the 
output of blood, though the intraoardiao pressure 
will have to rise three- or four-fold. The same thing 
is observed if the work of the heart be augmented by 
increasing the diastolic inflow, either by pressure on 
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the veiiis of the abdomen, or by injeetioif of large 
qoantities of fluid into the circulation, or by damaging 
the aortic valves. Within very wide limits, the out- 
put of the heart is independent of the resistance 
(Starling). 

Becent work has yielded an interesting explanation 
of this. A. V. Hill proved that the energy set free 
from a muscle varied with its initial length. In other 
words, the strongest stimulus to a muscular contrac- 
tion is the previous stretching to which it has been 
subjected. Starling applied this principle to the heart 
and showed that an increased peripheral resistance 
caused the heart to dilate until diastolic stretching 
developed sufficient energy to enable the heart to put 
out an amount of blood equal to that entering it. A 
new point of equilibrium is reached, so that dilatation 
in its inception is compensatory. Now, a physio- 
logical dilatation of this sort should be temporary, 
but if the maximum elongation obtainable is not enough 
to develop sufficient energy, the heart must remain 
dilated. This is unlikely to occur if the nutrition of 
the muscle is unimpaired. The reserve force of the 
normal heart is enormous. But if the muscle is diseased 
its contractility is diminished. 

It is often a surprise to find a high blood-pressure in 
, association with a failii^ heart and a feeble pulse. 
It is not that the heart is failing behind the high pres- 
sure, for lowering the pifbssure does not relieve the 
heart. Nor can it be that as the output of the heart 
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falls, vaso-constriotion oocnrs to dimimsh the siae of 
the bed to be filled, for this would only account for 
pressure being maintained at its normal level. The 
rise of pressure is an attempt to stimulate the heart to 
renewed effort by stretching its muscle, an attempt 
which, in this case, is unsuccessful, as the myocardium 
cannot respond. 

In the same way a rise of venous pressure causes the 
blood entering the heart to stretch the auricle more 
thoroughly and stimulate it to a better beat. The 
short, sharp auricular contraction suddenly squirting 
blood into the ventricle is the best possible stimulus 
to it. But this rise of venous pressure has drawbacks: 
it tells directly on the thin-walled capillaries, unlike 
raised arterial pressure, which is shut off from the 
capillaries by the constriction of the arterioles. Their 
thin walls allow transudation of fluid to occur into the 
surrounding tissues: hence congested liver, albuminuria, 
and dropsy. 

For continued additional work to be performed, 
hypertrophy of the cardiac muscle must occur. One 
result of the activity of the muscle must be an addi- 
tional lymph flow, and inweased nutrition would lead 
to increased growth of the cells, which, no doubt, is 
the chief way in which hypertrophy is brought 
about. 

When adequate hypertrophy has produced complete 
compensation, it may be asked. In what respect is the 
hypertrophied heart inferior to an ordinary one ? It 
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u as powerful, and it can meet the demands made upon 
it. It is, however, working mnoh nearer to the limits 
of its power, so that it has much less reserve force, 
and its capacity for adjusting itself to unusual calls 
upon it is therefore restricted. It is, in fact, a spend* 
thrift heart, while a dilated heart is a bankrupt one. 

The newer work explains why the heart, though it 
can adjust itself so well to increased resistance to its 
systolic output, js very intolerant of interference with 
its diastolic filling. One important factor in this filling 
is the aspiration of blood into the chest by the respira* 
tory movements. When persons are crushed to death 
in a crowd they die of syncope, not of asphyxia. Yet 
it is the compression of the thorax that kills, and chil* 
dren, with their comparatively yielding chests, suffer 
first. They die because the heart cannot be properly 
filled. Again, rupture of an aneurism of the first 
part of the aorta into the pericardial sac may be im* 
mediately fatal, though only 8 to 10 ounces of blood 
are extravasated in some cases. No one dies from such 
a small loss of blood as that; death is not from hasmor* 
rhage, but from the sudden rise of intrapericardial 
pressure, which prevents the diastolic filling of the 
heart. In pericardial effusion the accumulation of 
fluid is not so rapid, so that the heart has time to accom- 
modate itself to some extent; but here, too, its action is 
seriously embarrassed. Interference with the diastolio 
filling strikes at the v^y origin of the rhythm by 
depriving the heart walls of that stretching which is 
so powerful a stimulus to contractiotL 
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THE VASOMOTOR SYSTEM IN DISEASE 

Thb introduction of precise methods of registering 
blood-pressure in dinical work has naturally directed 
much more attention to the part played by the vaso- 
motor system in disease. 

Briefly, the functions of the vasomotor system are 
two — to regulate the general blood-pressure, and to 
regulate the local blood-supply. These functions are 
carried out by the following structures: 

1. The Vasomotor Centre, beginning 1 or 2 milli- 
metres below the corpora quadrigemina, and ending 
4 nuUimetres above the calamus scriptorius. But 
there must dso be secondary centres in the cord, 
since asphyxia can still produce a rise of blood-pressure 
after the medullary centre has been cut off, though 
not after the spinal cord has been destroyed. There 
is, further, some degree of local vasomotor control, 
since some recovery of tone may occur after complete 
separation of the vascular area from the central 
nervous system. This is probably due to the usual 
effect of stretching plam muscle — namtAf, that it con- 
tracts more forcibly. 

vn 
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2. Eflemnt Nerrei» " vhich can eitheir oonstriot or 
dilate the vessels. 

(a) Constrictors. — These are mach the most 
numeroos, and are confined to the sympathetici 
Leaving the spinal cord in the anterior roots of the 
second thoracic to the second lumbar nerves, they 
pass into the sympathetic chain by the white rami 
commnnicantes, and end around a nerve cell in the 
first ganglion they reach. Here a new non-mednl* 
lated ' postganglionic ’ fibre starts, which is distributed 
to its appropriate destination. This is the method of 
distribution, whatever the part of the body to be 
supplied. 

(b) Dilators . — These ore not nearly so numerous. 
The muscular coats of the bloodvessels being always 
partly contracted, it is possible for dilatation to be 
produced by inhibition of a constrictor. Pore dilator 
nerves will, therefore, only be found where there is a 
special need for marked and rapid dilatation. Thus 
the chorda tympani nerve carries dilator fibres to the 
snbmaziUary gland, and the auriculo-temporal nerve 
to the parotid. The nervi erigentes form part of the 
pelvic visceral nerve springing from the second and 
third sacral roots. All these belong to the parasym- 
pothstic system — i.e., those fibres with visceral func* 
tions which leave the central nervous system above 
the cervical or below the lumbar plexus. Unlike the 
constrictws,^ they have* their ganglionic station close 
to their deetizuttion. 

The existence of dilator fibres, also, in mixed nerve 
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tranks has been proved by taking advantage of the 
fact that constrictors degenerate more quickly after 
section, and are more readily affected by cooling than 
dilators; on osing slow, rhythmically repeated shocks 
(one per second) a dilator effect can be obtained, 
whereas rapidly interrupted shocks would excite the 
constrictors. 

Dilator nerves to the limbs have appeared in a new 
aspect, however, since Bayliss has shown that they 
seem to be in every way identical with the sensory 
nerves. Under experimental conditions, at any rate, 
these fibres are able to carry * antidromic ’ impulses — 
that is to say, the same fibre is able to convey sensory 
impulses towards the brain and dilator impulses 
towards the periphery. This is a disturbing fact, 
because opposed to our fundamental conceptions of 
the functions of the anterior and posterior roots, but 
it cannot be neglected on that account. The missing 
link in the evidence at present is the way in which 
these fibres are connected to the muscular coats of the 
vessels. 

8. Afferent Nerves.— Impulses may pass to the vaso- 
motor centre calling for a general rise or fall of blood- 
pressure. While the efferent nerves may produce 
either a local or a general effect, the afferent can only 
produce the latter. They are of two kinds: 

(a) Pressor, producing a rise of blood-pressure. 
All sensory nerves are pressor in their action, causing 
the vasomotor centre to throw out increased con- 
strictor impulses, particularly to the splanchnic area. 
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This explains the rise of pressure which qiay be seen 
in all painful conditions. It has the effect of in- 
creasing the blood-supplj to the brain; at the same 
time vaso-dilatation occurs at the site of the painful 
stimulus through the antidromic fibres. In this way 
the blood-supply is simultaneously increased at the 
point where the painful stimulus is received and where 
it is perceived, thus facilitating the appropriate reaction 
in each case. 

(h) Depressor, producmg a fall of blood-prossure by 
causing the vasomotor centre to relax the normal 
constrictor tone in the splanchnic area, which thereby 
becomes flushed with blood. The only pure depressor 
nerve is the depressor branch of the vagus. This may 
be regarded as a way of escape for the heart, if it be 
labouring against too high a blood-pressure. 

The existence of depressor fibres in sensory nerves 
may also be demonstrated, since on regeneration after 
section they recover before the pressors, and on 
cooling they retain their function longer. Stimulation 
of the mucous membrane of the rectum and vagina 
may also produce a depressor effect, especially under 
light anesthesia. 

Failure of the vasomotor system to respond ade- 
quately to the needs of the body may result either iif 
insufficient regulation of the general blood-pressure 
or of the local blood-supply. We will take examples 
of each. 

It is not uncommon to be told by a patient that onb 
of his first symptoms was that, on getting out of bed 
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in the monjing to pass water» he tainted. Normally 
a change of posture should not produce a perceptible 
effect on the blood-pressure, the slightest degree of 
cerebral anaBmia at once inducing the vasomotor 
centre to throw out increased constrictor impulses, 
which, by tightening up the splanchnic bloodvessels, 
forces more blood to the head again. In this way the 
effect of gravity is counterbalanced. But if the vaso- 
motor response is inadequate, the erect posture will 
lead to cerebral anaemia, and hence to fainting. If 
the intra-abdominal pressure is lowered at the same 
time by the emptying of the bladder, this is stiff more 
likely to happen. Fainting following the tapping of 
ascites is due to the same cause, and, as is well known, 
it may be prevented by tightening up a binder round 
the abdomen as the fluid escapes, thus avoiding 
splanchnic engorgement. 

During prolonged recumbency the vasomotor centre 
will lose its promptitude in responding to changes of 
posture, which explains the faintness that any patient is 
liable to on first getting out of bed after a long illness. 

Insomnia may be due to inadequate control of the 
general blood - pressure by the vasomotor system. 
Ordinarily a certain degree of cerebral anemia plays 
An important part in inducing sleep. The hypnotic 
effect of taking some warm fluid or a little food is due 
to the vaso-dilation it induces in the splanchnic area, 
thus drawing away blood from the head. Gold feet 
may help in causing insomnia by keeping too much 
blood at the opposite end of the body. 
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Insomnia is often tronblesome in conditions of high 
arterial tension. Apart from measures directed to> 
wards the canse of the high tension, we should treat 
this symptom by propping the head up on furly high 
pillows, by flushing the abdominal 7essels by a drink of 
hot water, and by preventing the feet from getting cold. 

In ' functional ' or orthostatic albuminuria, in- 
adequate vasomotor control, as we have seen, plays 
on important part. The circulation through the 
kidney is in consequence retarded by back pressure 
in the erect posture. Albumen, therefore, is present 
in the urine secreted in the day, but absent from that 
secreted while in bed. 

Bxamples of failure in the regulation of the local 
blood-supply are seen in Raynaud's disease and in 
erythromelalgia. 

At first sight it is not a little surprising that the 
organs composing the ' tripod of life ’ — the brain, 
the lungs, and the heart — either lack or are very 
scantily supplied by vasomotor nerves. Yet on 
consideration it will be clear that it is just because 
th^ are so important that they cannot be subservient. 
For we must remember that the vasomotor system 
can override the local needs for the general demands. 
The efferent path in a reflex arc is open to impulses 
coming from many quarters, although the afferent 
channel is reserved for impulses coming from the 
particular orgfm it supplies. 

The organs composing the tripod of life cannot 
allow their local needs to be subordinated in this 
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way. This may cause them in disease to over* 
ride the interests of the general economy for their 
own advantage; though it is merely an example of 
the survival of the fittest, the most vital organs being 
protected at all costs. 

It is for just such reasons that we find the spleen, 
a comparatively leisured organ, has its blood*Bupply 
most subordinated to the vasomotor system. The 
splanchnic area plays the largest part in vasomotor 
effects. Now, it may well be that the stomach or 
intestines cannot spare their extra blood at a time 
when vaso-constriction is called for in the general 
interests of the economy. The spleen is a portal 
reservoir which will not suffer vitally from a vaso* 
constriction, and so it is called upon. It is because 
of its great liability to passive change and of its sub* 
ordination to the general interests that diseases of the 
spleen are accompanied by so few definite physio- 
logical features. As Frederick Taylor tersely put it, 
the spleen is more sinned against than sinning. 

The way in which the local needs may be over- 
ridden by the vasomotor system is seen in the 
blanched condition of the skin in the cold stage of 
fever, and in the dyspepsia that may be produced by 
' severe mental effort during active digestion throng 
blood being forced into the head from the abdominal 
vessels, which are thus rendered too anesmic. 

We may consider some of tl^e results pf the exemp- 
tion of the ' tripod ’ of brain, lungs, and heart from the 
operation of this action of the vasomotor qrstem. 
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Brain. — ^Monro, in 1788, enonoiated the dictom that 
the qoantitj of blood in the oranimn is a constant, 
since the brain substance is incompressible and enclosed 
in a rigid box. Allowing for variations in the quantity 
of cerebro-spinal fluid, this is trua 

The flrst effect of a rise of arterial pressure will be 
to express the cerebro-spinal fluid from the cranium, 
and then to compress the cerebral sinuses until the 
pressure in them rises to that which the brain 
substance exerts against them. Thus the conditions 
approximate to those obtaining in a system of rigid 
tubes. 

Now, the one part of the brain that must keep up 
its supply of arterial blood is the medulla, for here 
are the centres that are essential to life. If the blood 
supplied be too rich in carbon dioxide, the respiratory 
centre is excited to increase the respiratory rhythm; 
if the quantity of blood be not adequate, the vaso- 
motor centre is excited by the slightest degree of 
cerebral anemia to contract the vessels in the great 
splanchnic pool, and thus force more blood op to the 
bead. There are two ways in which the blood-supply 
to a part may be increased — ^local vaso-dilatation, or 
vaso-constriction elsewhere. In a rigid box a local 
relaxation of muscular tone would not be very 
effective, for it might be overriden easily by the 
intracranial pressure already existing. To force the 
blood in by a general, rise of blood-pressure is to 
employ a much more powerful mechanism. Thus it 
is we find that the blood-supply to the brain is mainly 
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oontroUed by meanB of the splanohnio area, which, in 
its turn, is controlled by the yasomotoi centre within 
the craniom. 

This does not mean that there are no vasomotor 
nerves in the cerebral vessels — such have been found 
by Morison and by Gulland — and perfusion of 
adrenalin will cause a slight contraction of these 
vessels. But it is safe to assert that they must play 
an entirely subsidiary part, and that all the yasomotor 
effects ordinarily observed can be adequately ex- 
plained without reference to them. 

To avoid cerebral aneemia, the general blood-pres- 
sure must be kept at a point above the intracranial 
pressure. This was clearly proved by Gushing, who 
adopted the method of varying the intracranial pres- 
sure by introducing normal saline solution into the 
cranial cavity from a pressure-bottle. 

The effect on the general blood - pressure was 
observed by means of a tracing taken from the 
femoral artery. Until the intracranial pressure 
exceeded the blood-pressure, nothing more than a 
slight quickening of pulse and respiration occurred, 
and even this could be avoided if the fluid did not 
interfere with the sensitive dura. But when that 
point was reached, the blood-pressure was at once 
raised until it was again greater than the intracranial 
pressure. This was repeated with each increase of 
intracranial pressure until the blood • pressure was 
forced to a level considerably over 200 millimetres of 
mercury. Then the vasomotor centre began to show 
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Bigns of giving way. The eplanchnio vessels could be 
seen to contract every time the brain was compressed, 
and to dilate again as the pressure fell. If the pres- 
sure were raised too rapidly, the so-oalled major 
symptoms of compression might be prodaced— con- 
vulsions, evacuation of the bladder and rectum, 
cessation of the respiration and pronounced vagus 
effect upon the heart, often causing its complete arrest 
for from ten to twenty seconds. Then followed a 
release from this extreme vagus inhibition, and the 
vasomotor centre began to exert its striking influence. 
If the vagi were divided before the compression was 
applied, the blood-pressure could be seen to corre- 
spond even more closely than before to the degree 
of intracranial tension, always remaining slightly 
higher. If both vagi and spinal cord were thus 
divided, an increase in intracranial tension did not 
affect the level of the blood-pressure in the slightest 
degree, showing that the adjustment is brought about 
by constriction of the bloodvessels in the rest of the 
body. 

The clinical importance of this in the treatment of 
cerebral hemorrhage has been brought out by Leonard 
Williams.* ' If we reduce blood-pressure — e.g., by 
venesection or amyl nitrite — ^to the point at which the 
reduction will be effective in checking the hemor- 
rhage, we are obviously in danger of reducmg it to 
the point at which the*mednlla is starved. There 
may be a margin of safety — a point to which yon 
* The BotpUal, December 14, 1007. 


25 
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may lednoe the blood-pressore as to moderate 
the hnmonhage, without eeriously diminuhing the 
supplies to the meduUa^hut surely this is a raior's 
edge on which no practical physician will voluntarily 
choose to tread. The manometer has no information 
to give ns on this crucial point. It tells us, no doubt, 
that the arterial pressure is very high, but we know 
that the arterial pressure was high before the accident, 
and that it is now higher still, because it has to over- 
come an augmented intracranial pressure; but the 
instrument does not, and cannot, tell ns whether we 
ought to bleed the patient at all, and, if so, what are 
the danger-signals. For there are no danger-signals. 
When the arterial pressure is reduced below the 
intracranial, death is instantaneous. That vene- 
section may be resorted to in apoplexy not only 'with 
impunity, but with conspicuous benefit, is a fact 
which must be accepted on the testimony of very 
competent physicians; that it is at best a dangerous 
expedient, dangerous to the life of the patient and 
extremely dangerous to the reputation of the prac- 
titioner, the above considerations are surely soffident 
to show.' 

The absolute necessity of maintaining the blood- 
preesnre at a hi^er level than the intraoranial estab- 
lishes a vicious circle, tor the hasmorrhage produces 
a rise of pressure, and the rise of pressure increases the 
hemorrhage. A rising blood-pressure in cerebral 
hemorrhage is of very grave prognosis, as it shows the 
bleeding is still oontinuing. 
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Is there any way ot lowering intracranial pressnre 
directly ? Then the vasomotor centre would allow the 
blood-preesore to fall; this would assist the arrest ot 
hemorrhage, and the vicious circle would be broken. 
Lumbar puncture will diminish intracranial tension, 
and has, therefore, been recommended in such cases. 
It has been thought to be risky, in that it will leave 
the arteries lees supported, and therefore more liable 
to bleed. But as soon as the intracranial pressure is 
reduced the blood-pressure will fall, and therefore the 
liability to hsemorrhage is diminished, though, one 
must admit, not abolished. That the blood-pressure 
can be reduced in this way 1 have had the opportunity 
of observing. A man in whom 1 had diagnosed cerebral 
hsmorrhage had a blood-pressure rising from 165 
to 210 millimetres. Lumbar puncture withdrew blood- 
stained cerebro-spinal fluid. The pressure fell at once 
to 176, and then more gradually to 185 millimetres, 
while consciousness was soon regained. 

Gushing’s experiments also explain why we so fre- 
quently find more than one haemorrhage into the 
brain substance, if the initial one be at all large. If 
looked for, small haemorrhages into the pons will be 
found very commonly in cases of ordinary lentionlo* 
striate hsmorrhage. It was formerly a pnszle to 
decide bow these were produced, and whether th^ 
occurred simultaneously with, before, or after the 
large hemorrhage. It js now clear that the large 
hemorrhage is responsible for driving up the general 
blood-pressure so much that diseased arteries in 
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other puts of the brain are onable to withstand the 
strain. 

Longs. — ^The absence of direct vasomotor effects in 
the pnhnonary vessels has some interesting beuings 
on the treatment of hsemoptysis, which have already 
been touched upon in the first chapter. It must be 
remembered, however, that the lung receives blood 
by another channel also, the bronchial uteries, 
springing from the aorta. In the hesmoptysis of 
mitral stenosis the pulmonary vessels alone axe in* 
volved; adrenalin and other constrictors will there- 
fore do hum by forcing blood from the systemic into 
the pulmonary vessels. But amyl nitrite will do good, 
because it will relieve the engorged lung by dilating 
the systemic vessels. In the bssmoptysis of phthisis, 
either pulmonary or bronchial vessels may be eroded, 
though the former are more likely to be implicated, 
since they ue more numerous. But styptic drugs 
would be inadvisable even if we could be sure that a 
bronchial utery were the source of the hasmorrhage, 
for any benefit derived from their local action would 
be outweighed by the general rise of pressure and by 
the pulmonuy tugescence, which might cause other 
weak spots to rupture. Nitrite of amyl would still be 
useful, as the widespread dilatation would draw blood 
away from the lungs, and thus more than counter* 
hftiftnftfl the risks of reopening the bleeding-point. Also 
the lowered pressure would favour the sealing of this 
point by blood-dot. The same prindples would there- 
fore guide us, whichever set of vessels were involved. 
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(Eima of (he Lungi u a common terminal erent. 
In Cohnbeim’s phrase, a man does not die beoanse he 
gets oedema of the long: he gets oedema of the lung 
because he is dying. It is held to indicate a some* 
what rapid failure of the left ventricle, while the right 
ventricle continues to beat forcibly. As there is no 
vaso-constrictor action in the pulmonary vessels, there 
is nothing to prevent engorgement of the lung capil- 
laries, and an effusion must occur into the alveoli. 
Leonard Williams* has called attention to an acute 
form of this oedema, and from the correspondence 
which followed his communication it is clear that the 
condition is not uncommon, though very inadequately 
recognized in this country. 

A patient usually with high blood - pressure and 
often with aortic disease is seized, generally while 
recumbent, with sudden dyspnoea and cyanosis. He 
becomes greatly distressed, throwing himself about 
or coughing incessantly. Then a quantity of froth, 
which has been compared to that of beer, only finer 
and thinner, and often blood-stained, begins to issue 
continuously from nose and mouth. Death may 
occur within a faw minutes, and will not be delayed 
beyond a few hours, if the condition cannot be 
relieved. 

As the heart continues to beat strongly after the 
patient is apparently suffocated, it might be urged 
that death could not be4rom syncope. But it seems 
likely that the forcible sounds are produced by the 

* LoMd, Deoember 7, 1S07. 
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right heart. The most probable sequence of erents 
is this: The left heart is already loaded to its full 
capacity; the proverbial last straw is too much for 
^ it, and it breaks down, while the right heart goes on 
beating still, forcing blood into the lungs until they 
become engorged, since they are unable to shut off any 
of the blood-supply by vaso-constriction. An out- 
pouring of serum occurs into the alveoli in such 
quantities that the patient is drowned in his own secre- 
tion. Two facts support this view: the commonest 
cardiac lesion in these cases is aortic regurgitation, which 
is known to terminate not infrequently in sudden 
stoppage of the heart ; and venesection (10 to 12 ouncM), 
according to French authorities, is the only effective 
treatment, and this would relieve the overloaded right 
heart and the stagnant pulmonary circulation. 

Heart— It is not difficult to understand the absence 
of vaso-constrictors to the coronary arteries. If a 
rise of general blood-pressure is produced by vaso- 
constriction, the heart is given more work to do, so 
that a better blood-supply must be given to its 
muscle. If vaso - constriction took place in the 
.coronaries, their blood-supply would be diminished, 
but in its absence the rise of pressure sntomatically 
forces more blood into them. If the heart has less 
work to do, the pressure falls and the coronaries 
receive less blood. In this way the supply to the 
heart muscle is made proportional to its require- 
ments. The power of compensation is extraordinary 
so long as the coronary arteries remain sappier but if 
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they become atheromiijtoiia, this means of regulation 
is frostrated, and compensation breaks dovn. 

The heart's ties with the yasomotor system are 
most intimate on the afferent side through the ' private 
path * of the depressor nerve. Through this the heart 
can always produce a fall of pressure should it find 
itself embarrassed by a pressure that is too high for it. 
It might be thought that under these conditions an 
abnormally high pressure could never be maintained. 
But so long as the heart can meet the high pressure, 
there is no inducement for it to call the depressor nerve 
to its aid. We may safely assume, however, that when 
the pressure is kept up at a point at which the heart 
begins to dilate, a structural change must have occurred 
in the walls of the visceral vessels which renders them 
incapable of relaxing in answer to the appeals of the 
depressor nerve. 

( On Blood-PrcsAue. 

The vasomotor system is, of course, only one factor 
in determining the blood'pressure. Its importance 
lies in its sensitiveness to the needs of the organism; 
like aU nervous mechanisms, it is characterized by 
the rapidity of its reactions. 

The pressure, by which the whole of the vascular 
system is kept distended with blood, is the product of— » 

1. The beat of the heart. 

2. The periph6f;pl resistance. 

8. The elasticity of the vessel walL 

4. The volume of the blood. 
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1. The Beat of the Heart— While (he energy of the 
heart necessarily originates the pressure in the vessels, 
an increase in its output will cause a rise in pressure 
only so long as the size of the arterioles remains the 
same. When there is a large amount of blood in the 
great veins awaiting entrance into the heart, this 
stretches the right side of the heart, reflexly causing 
acceleration of the rate, but not a rise of pressure. 
Indeed, the nervous mechanisms provide that the 
pulse-rate will vary almost inversely with the blood* 
pressure. If the pressure rises to a point at which the 
cardio-inhibitory centre in the medulla is stimulated, 
the heart is slowed through the vagus, so ^that un< 
necessary work is avoided. 

2. The Efleottve Peripheral Besistanoe is provided 
mainly by the constriction of the muscular coats of 

I 

the small arteries, which are chiefly controlled by the 
vasomotor nerves. That the capillaries can change 
their calibre under the influence of chemical stimuli 
is, however, now proven, and the arterioles them- 
selves are not unresponsive to such. Thus Oaskell 
showed that the acid products of metabolism would 
dilate the peripheral vessels, and thus provide for 
their own removal. In the first stage of high blood- 
pressure in disease there need be no structural change 
in the vessel wall, but the muscular coat contracts, 
presumably under the influence of toxic agents. This 
is in accordance with the g^eral principle that (he 
important functions are subserved by both a chemical 
and a nervous mechanism. How essential the nervous 
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factor is in maintaining the presBore is seen on 
destruction of the cord, when the vesseb lose their 
tone BO completely that the oiroulation cannot pro* 
oeed. It is the splanchnio area which has in this way 
by far the greatest influence on the general blood* 
pressure. 

8 The Elasticity of the Vessel Wall tends to equaliza- 
tion of the pressure in systole and diastole. For, 
as the vessel distends with each heart-beat, the 
pressure becomes lower, and as it retracts during 
diastole, the pressure remains higher than it other- 
wise would do. With loss of elasticity comes a more 
violent fluctuation. Mark the tendency to a vicious 
circle. Continued high pressure diminishes elasticity, 
thus increasing the work of the heart. The heart 
has to hypertrophy, and each beat produces a still 
higher systolic pressure in a tube that is becoming 
more rigid. The sequel must be that either the 
vessel gives way, or else the heart dilates behind the 
strain. 

Another consequence, as shown by A. V. Hill, is that 
the velocity of the pulse-wave is greatly increased in 
rigid arteries. This is, of course, quite distinct from 
the frequency of the pulse. 

4. The Volume d ttie Circulating Blood has within 
^de limits in the normal animal only a subordinate 
and temporary influence on mean blood-pressure 
(Janeway). Its variations can be easily compensated 
for by the vasomotor system. This limits the useful* 
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1166 B of veneseotion to those eases where the oom* 
pensating mechanism has become damaged. Thus, 
if the right aoricle is becoming so dilated that the 
transmission of the wave of contraction to the ventricle 
is a matter of diffionlty, venesection may permit it to 
regain its tone; or if the responsiveness of the vaso* 
motor system is becoming dolled by arterio-solerosis or 
toxic agents, redaction of the volume of the blood by 
bleeding can diminish tension. 

The blood-presBore in health reflects the various 
physical and mental states; a cold bath, a meal, the 
smoking of a cigar, an animated discussion, all affect it. 
Irrespective of such disturbances, there are also small 
diurnal variations. It might be questioned whethes 
this does not destroy the value of a blood'pressate 
record. But no one questions the value of a tempera* 
ture chart which also shows fluctuations not produced 
by disease. And no one doubts the importance of 
a pulse record, although nervousness affects the pulse 
far more than the pressure. The alterations of 
pressure in disease far exceed these minor changes. 
It is of course necessary to make the obse^ations 
under similar conditions and at the same time of day. 

The dlinioal value of observations on the blood- 
pressure is doubted only by those who have never 
made them. Unlike many another apparatns, there 
is no sign of the sphygmomanometer being abandoned 
by those who have once used, it systematically; th^ 
only change the form of apparatus as meehonical im- 
provements ate made. The finger can detect some 
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difiarencee in pnlse-tebsioD, it b trae, though it b 
often entirely at fault, since it can only estimate total 
pressure, not pressure per square inch; so can the hand 
detect differences in temperature. But what opinion 
should we form of a physician who told os that he only 
-Judged of temperature by the hand and scorned the 
aid of the thermometer ? 

The best methods of estimating blood • pressure 
depend on the same general principle — circular com- 
pression of the upper arm by on air-pad, adjusted by 
on armlet not less than 12 centimetres wide, to which 
a manometer b attached. Air is pumped in until the 
pube is obliterated at the wrist, and then cautiously 
allowed to escape again until the pulse just returns. 
Janeway regards the moment of return of the pulse* 
wave as the best criterion of systolic pressure; some 
observers take the mean between thb and the point 
of obliteration. It is doubtful whether any apparatus 
aoouratdy records diastolic pressure, but the ausculta- 
tory method will serve for clinical use. On releasing 
the pressure in the armlet a loud thump is heard when 
the stethoscope b applied below it; as the pressure b 
gradually lowered a point b reached where thb b 
replaced by a muffled sound. Thb b taken os the 
diastolic pressure, which b important as being the 
charge which the arteries must constantly bear and 
from which they cannot escape, A high diastolic 
pressure wears an arterjbont more quickly than a high 
qritolio with a low diastolic pressure. 
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I shall naa the tenn ' blood-pressure ’ as identical 
with the pressure recorded by some buch apparatus. 
Opinions differ, however, as to whether this does not 
represent in reality the sum of the pressure and the 
resistance offered by the arterial wall. Gnmpreoht 
gives physical reasons for believing that the elasticity 
of the tube itself does not come into the question, and 
Janeway concludes that, with the wide armlet, and 
using the first full return of the pulse as a guide, 
errors from thickening or calcification of the wall 
have little significance. This is also held by Leonard 
Hill, who has devised several ingenious experiments 
to prove the point. William Russell strongly 
dissents from this view. But even admitting that 
the record is a composite one of the resistance of 
the wall plus the pressure of its contents, this does 
not deprive it of its value, and changes of pressure 
as a result of treatment would still be accurately 
recorded. 

It is impossible to discuss the whole question of 
blood-pressure in disease within the limits at our dis- 
posal, but we may take examples of the way in which 
its study has enlarged our ideas, cleared up difficulties 
in diagnosis, and helped m prognosis. This has 
naturaUy reacted on treatment. 

It has enlarged our ideas on the subject of the 
'heart failure’ in acute infections. Romberg and 
P&ssler showed that, at theuheight of an infection, 
sensory irritation and asphyxia did not produce as 
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large a rise of pressare as usual, while abdominal mas* 
sage raised it a^ much as ever. It is the vesseb that 
are involved, not the heart that is damaged. Recent 
work on wound shock seems to show, however, that 
the capillaries are the vessels chiefly concerned. And 
Dale and Richards have shown that capillary 
dilatation may occur as the result of toxic action. The 
term ' exemia ’ has been suggested for this con* 
dition. 

In the light of the knowledge we have thus obtained, 
it would appear that many of the stimulants employed 
are quite unsuitable for a condition of vasomotor 
paralysis. Strychnine acts on the centres, which are 
already exhausted or intoxicated, and therefore nn> 
responsive. Ether has little or no effect ; while brandy, 
which is a vaso-dilator, can hardly benefit vessels that 
are already relaxed. Barium salts-^e.^., 8 grains of 
the chloride — and pituitrin, which act directly on the 
muscle fibre, and not on nerve-endings, may sometimes 
help. An abdominal binder should be applied firmly 
to prevent accumulation of blood in the now stagnant 
splanchnic pool, while intravenous infusion, if carried 
out slowly, so as to avoid overdistending the right 
auricle, is often very useful. 

As examples of the help which has been given in 
diagnosis, if we are in doubt whether a hemiplqgia is 
due to hemorrhage or thrombosis, we may appeal to 
the manometer; in the former the pressure must be 
high, from reasons already considered, while m the 
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latter it need not. Grainger Stewart has shown that 
the fatal issue in oerebsal thrombosis is often due to a 
rise of pressure in the stage of reaction, or as a result 
of stimulant treatment, which bursts the now softened 
vessel. In the treatment of cerebral thrombosis, then, 
we must be very careful not to use any stimulant 
which win raise blood-pressure. 

The fact that perforation in typhoid fever causes a 
rise of pressure, while hsmorrhage produces a fall, is 
one that will often be of great value in diagnosis. 

In albuminuria, again, the blood-pressure will be an 
aid to diagnosis. In all forms of nephritis it is usually 
raised. Mahomed found that in acute nephritis the 
arterial tension rose even before albumen appeared 
in the urine. But in ‘ functional * orthostatic albu- 
minuria, though the pressure fluctuates, it does not 
rise above normal. As the treatment demanded 
in the two conditions is quite different, it is 
essential to be clear which we are dealing with; and 
the manometer will help us. It will help os also to 
decide on the relative importance of albuminuria and 
glycosuria when they coexist. 

As to prognosis, the grave import of a continued 
^rise in pressure in cerebral haomorrhage has already 
been insisted on. In pneumonia a continued but 
gradual fall of pressure is the role. Gibson found that 
any sudden rise before the crisis implied the onset of 
some complication, acute dqliriom being often the 
immediate sequel, while a sodden tall was a wamfng^ pt 
the immediate risk of cardiac (oCj,as I should prefer 
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to express it« ospillarj) paralysis. In Addison's 
disease a steady fidl of pressure, despite adrenalin, has 
enabled me tb foretell the inuninenoe of the fatal issne. 
A rise of blood-presBore in pregnancy is a valaable 
prognostio sign of the approach of toxasmia. 

It is now generally conceded that there is a stage 
in which the blood-pressure is raised before the stmo* 
tural changes of arterio-sclerosis oconr, and the man- 
ometer will help ns to detect it. To take an example: 
A'bnsy man nearing fifty years of age, and leading 
the active life of his time, on walking rather smartly 
to catch his morning train, finds himself out of breath 
for some little time afterwards. On anival at his ofiSoe 
he has a difiScuIty in concentrating bis mind on his 
work, and on rising quickly from his chair at the end 
of the morning he feels very giddy, and reels a little. 
Now, a little anxious about himself, he becomes intro- 
spective— « rare thing with him — and recalls that 
small worries have upset him more than they need, 
that responsibility has been more irksome, and that 
he has not felt so sure of his judgment. He tells his 
partner that he thinks he has been out of sorts lately, 
and is met with the frank reply that it is very likely, 
for, at any rate, his temper has been shocking. He 
goes to lunch, and thinks that a whisl^-and-soda will 
put him straight. But it doesn't; it only makes him 
feel Inore uncomfortable. He lights a good cigar, and 
,|i rewarded by palpitations, instead of the blissful 
sensaiionB that smoking used to evoke. He remem- 
bsnitow that alcohol and tobacco do not seem to have 
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agreed with him as they used. By the end of the day 
his head is aching, and he feels thoroughly worn out. 
He manages to eat a very good dinner as usnal, how* 
ever, and begins to shake off some of his fears. Bat 
his night’s rest is distnibed, and next morning he feels 
very ’ bilious,’ or perhaps he has a return of the 
neuralgia that has been troubling him of late. It will 
be a good thing for him now if a violent attack of epis* 
taxis occurs, if only to send him to his doctor. The 
doctor takes a heavy responsibility upon himself if he 
simply reassures him, tells him he is run down, pre- 
scribes some strychnine, advises a good piece of steak 
for lunch, and some fine old port after dinner. A more 
careful examination would certainly, have revealed on 
accentuated second sound at the aortic base, and a 
blood-pressure of 160 to 160 millimetres; possibly also 
a trace of albumen, with granular casts in the urine. 

The responsibility is all the greater because this 
man is still in the stage when treatment can be effective ; 
and he is more likely to abide by it than the lower 
type of patient, ‘ full of coarse strength, batcher’s 
meat, and sound sleep, who will suspect any philo- 
sophical insinuation, or any hint for the conduct of 
his life which reflects upon this animal existence.’ 

Perhaps it is even better for him if the danger-signal 
takes the form of on attack of hematuria, for he is 
not likely to try home remedies for this* as he may 
for epistaxis; nor is there much fear of the ^oqtor 
treating it so lightly. 

This may be simply the stage of motease^ hlodd- 
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pre8Biiie> without Btinctural change, produced by toxic 
agents. It in this stage the patient takes less meat 
and no alcohol, gets more oxygen into his lungs and 
a better evacuation from his bowels, leads a simpler 
and less strenuous life, an improvement in bis blood- 
pressure and his general condition will follow. 

If this high pressure continues, a structural change 
will ensue. Dixon has shown that any drug whi^h 
considerably raises blood-pressure will cause degenera- 
tion of the middle coat of the arteries in a healthy 
animal. This might happen because the same drugs 
which raised pressure were toxic to the arteries, or 
because the rise of pressure mechanically damages the 
wall. That the latter explanation is the correct one 
has been shown by Harvey, who, by merely compress- 
ing the aorta of rabbits with the fingers for two or 
three minutes daily, thereby raising the blood-pressure 
80 to 40 millimetres, produced degeneration of the 
aorta above the point of compression without causmg 
any change in the vessel below. 

Tobacco is known to raise blood-pressure, and it 
might be thought to play a part in the much greater 
frequent^ of arterio-sclerosis in men than in women. 
But tolerance is easily acquired. If a man unused 
to tobacco smokes a c^ar, his pressure first rises 10 
to 20 millimetres, and then, after a quarter or half an 
hour, if the smoking has been continued, drops 80 to 
60 miDimetres, or even, more. The habitual and 
mo^er^ smoker under similar conditions shows no 
diaiig#"1>qyond a slight rise of 4 or 5 millimetrai. 
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According to Emerson Lee, this immonity is brought 
about by the production in the liver of some substance 
—probably a ferment— that destroys the nicotine. 
We therefore cannot throw much of the responsibility 
for arterio-BcleroBis on to tobacco. 

We have but a hai^ notion sb to the nature of the 
toxic subetanceB concerned, though Barger and Dale’s 
discovery of putrefactive bodies which raise blood- 
pressure has helped to clear up our ideas on the subject. 
The course of events may be pictured somewhat as 
.follows: The toxin, whether formed by perverted 
metabolism or absorbed from the bowel, irritates the 
muscular coats of the smaller vessels to contraction, 
particularly in the splanchnic area, where it will be 
present in the highest degree of concentration. Finally, 
it is excreted by the kidney. If this condition be 
allowed to continue, and the irritated vessels maintain 
their contraction, muscular hypertrophy must occur 
here as elsewhere when increased work has to be done. 
The new muscular tissue soon undergoes degenerative 
changes. The increased peripheral resistance thus 
brought about necessitates, for similar reasons, hyper- 
trophy of the heart. The kidney has to excrete the 
toxin, and suffers in the attempt, so that interstitial 
nephritis is apt to follow. The pressure has now to 
rise still more, causing more cardiac l^ypertrophy in 
order to drive enough blood through the remaining 
^omemli for urinary exoretjian. Even so elimination 
becomes defective, and the toxin is therefore k^t in 
more prolonged contact with the tissues it is damaging. 
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Thiu, ihe diffase arterial change steadily progresses. 
On this view the cardiac hypertrophy is purely second- 
ary. Allbutt protests ' against the accusation of these 
striying hearts of complicity in the arterial disease. . . . 
They are stout and faithful to the end, even in defeat.' 

Allbutt's convenient classification of arterio-sclerosis 
may be adopted. Excluding chronic Bright's disease, 
he holds that it is met with clinically in three forms* 
which, if superficially alike, are very different in nature 
and causation : 

(a) Tozic, due to lead; to certain of the infective 
diseases, such as syphilis; to diabetes, and so forth. 

(b) InwlvMamry, a senile degradation, which may 
appear before ' three-score years and ten.' 

' (o) Secondary or hyperpietic, the consequence of 
tensile stress, of excessive arterial blood-pressure per- 
sisting for some years. 

The type previously described corresponds to (e) on 
this scheme. In the others there is not necessarily a 
rise of pressure, and we can probably refer the apparent 
rise, as registered by the manometer, to increased 
thickness of the walls. The so-called ‘ rise of blood- 
presme in later life,' occurring in healthy individuals, 
is probably due to this, and is merely ap expression 
of that loss of elasticity which is charaoteristio of 
advancing years. The distinction between the oases 
in which there is a real rise of pressure and those in 
which there is not is a practical one. For, to quote 
AUbntt agam, involotionary arterio-sclerosis ' resnlto 
rather in the oontraotion of the spheres of mental ifid 
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bodilj aotivify than, as vith bypaipiesiSt^jn t])e 
inuninence of the fell sergeant Death — death by 
apoplexy, by cardiac defeat, or by intercorrent acute 
pneumonia.’ 

Treatment ol High Blood-Ptenore. 

It must be borne in mind that when there are organic 
changes in the arteries or kidneys, the blood-pressure 
must be higher than normal for an adequate circula- 
tion to be maintained. In the ' pre-sclerotic ’ stage 
we should pay more attention, as Osier urges, to the 
peripheral field of the circulation. * Obstruction in 
the fields can be overcome, to a certain point, but it 
is cheaper and safer to clear out the weeds. . . . We 
too often tinker at the pump and the mains, instead of 
looking at the seat of trouble in the fields.’ The 
abiding difficulty in the treatment is that we do not 
know what degree of raised pressure is necessary for 
any degree of arterio-sclerosis, but we do know that 
the problem has to be met by putting the patient into 
the way of physiological righteousness rather than by 
depressor remedies. 

The diet should be regulated; the bulk and number 
of the meals should be reduced; roasted meats, sonps^ 
and gravies should be avoided, while fruits, green 
vegetables, farinaceous and non-mtrogenous foods may 
be given freely. The salt ns^y added at table 
dionld be stopped, and in severe Chses a salt-free diet 
may be advisable for a time. A pure milk diet is 
useful in high-pressure oasee when combined with 
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BMt. 'It should be triod for a few days during periods 
of inorements of pressure. Coffee, tea, tobacco, and 
alcohol should be limited, and in certain cases excluded. 
It is best to separate fluids from the solids, or to allow 
them only at the end of meals. 

A warm bath taken daily on rising is a valuable 
adjunct to treatment. Cold bathing should be 
avoided. Artificial Nauheim baths, the material for 
which can now be readily obtamed, will lower pressure, 
but I am not satisfied as to their advisability, as they 
act by vaso-dilatation. An annual course of baheo- 
logical treatment is often useful. Flombidres douches 
are recommended where there is suspicion of intestinal 
intoxication. These patients generally do best in a 
warm, equable climate for the winter. 

Exercise in the open ab, without strain, and not 
carried to the point of affecting the pulse or respira* 
tion, is followed, as a rule, by a fall in blood-pressure. 
A life of undue rest should be avoided, but half an 
hour’s complete repose after the midday and evening 
meals should be enjoined. 

These patients are apt to become unduly anxious, 
and their fears should be allayed as far as possible. 
As a rule, they should not be told the pressure reading. 
Particularly they should not read the index them- 
selves, as this alone will send it up. 

A free action of the bowels is, of course, imperative, 
since constipation increases arterial pressure bo& 
mechanically and chemically. 

Potassium iodide should be given for a time.^vtHi^ 
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the view, as Leonard Williams sajs, ' of ferreting out 
snob of the toxins as seem to lurk in the lymph spaces.’ 
There is still too great a tendency to employ nitrites, 
vbich simply lower pressure by vaso-dilatation. This 
is,, perhaps, not to be wondered at. In the early days 
of antipyretic drugs there was a similar tendency to 
indiscriminate lowering of the temperature. It is so 
pleasant to see some objective result from our treat* 
ment. But the rise of pressure is a symptom Just as 
surely as a rise of temperature, and to lower either 
without due consideration is to side with the toxin 
rather than with the patient. 

Sometimes hyperpiesis has to be treated, however, 
just as hyperpyrexia has, irrespective of the cause. 
Then we should select those vaso-dilators whose action 
is slow and prolonged. Matthew {Quarterly Journal 
of Medicine, vol. ii., p. 261) found that the fall pro- 
duced by amyl nitrite was too brief to enable him 
to register it with the manometer. It is therefore 
only useful in anginal attacks. Nitro-glycdrine only 
lowered the pressure for forty minutes. Eiythrol 
tetranitrate, on the other hand, in }-grain dosee pro- 
duced a fall lasting six hours. The great drawback 
to its use is, however, its liability to induce severe 
headache in some patients. Mannitol ptoduces a 
prolonged effect also. Oliver recommends a tabloid 
prepared for him by Burroughs and Wellcome, having 
the following composition: S6dii nitrit., gr. Mythrol 
5 |^^tranitrat., gr. mannitol nitrit., gr. anmum. fa4>* 
^purate, gr. 1. One or two of these tabloids (designated 
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tabloid Bodii nitrit. oa’) may be taken for lengthened 
periods, if omitted for a few days or a week in eaoh 
montL In one ease the pressure fell in seven days 
from 210 to 160, and was still found to be 160 after 
twelve months’ treatment. I have found benefit from 
ammonium hippurate in larger doses— 3 to 7 grains three 
times a day. From the early appearance of atheroma 
in myxoedema thyroid extract is often prescribed in 
oases of arterio-sclerosis with high pressure, and I have 
come to rely upon it considerably in doses of } to 1 
grain three times a day. Indeed, according to some 
authorities iodide merely acts in arterio-sclerosis by 
stimulating the secretion of the thyroid gland. 

There is a great difference in the response to treat- 
ment. In some cases the results are remarkably good, 
and patients have been restored to years of useful and 
active life. 



CHAPTER XIV 

ON CYANOSIS AND DTSPNCEA 

Thb essential cause of cyanosis is an abnormally 
large amount of reduced hsmoglobin in the capillary 
blood, while the essential cause of dyspncea is excess 
of carbon dioxide or some abnormal acid in the respira- 
tory centre. It will follow that, although these two 
conditions are often associated, this is not necessarily 
the case. Thus in urasmia we may see dyspnoea 
without cyanosis, whereas in congenital heart disease 
cyanosis occurs without dyspnoea. As Lewis points 
out, if a patieAt is urgently breathless and an equiva- 
lent cyanosis is not found, the dyspnoea is not wholly 
due to deficient aeration of the blood. Non-eyanotic 
dyspnoea is produced by the presence of abnormal 
acids in the blood, such as diacetic acid in diabetic 
coma, acid sodium phosphate in uraemia, and lactic 
acid in various conditions. 

Mere diminution in the amount of oxyhaemoglobin 
is not sufficient to cause cyanosis. Thus in coal-gas 
poisoning the corpuscle contains less oxygen, and yet 
there is no cyanosis, for the new compound, carboxy- 
haemoglobin, is a bright cherry-red. 

But if enough of the haemoglobin is reduced or is in 
406 
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the form of methemoglobin or Bolphamoglobin, there 
is ojanoeu. In the chapter on Intestinal Intoxications, 
it was shown that nitrite-producing microbes in the 
intestine may canse methsBmoglobinamia or sulphe- 
moglobineBmia, which may lead to a striking degree of . 
cyanosis. Certain coal-tar drugs may also be responsible 
for the former condition. Either can readily be detected 
by the spectroscope. It is needless to repeat what has 
already been said, beyond urging the necessity of diag- 
nosing these toxic conditions from ordinary cyanosis. 

Ordinary cyanosis becomes perceptible as soon as 
there is about 5 grammes of reduced hamoglobin per 
100 C.C. of blood. It depends on the absolute con- 
centration of reduced hnmoglobin rather than on its 
ratio to oxyheemoglobin. Thus ansmic individuals 
with less than 6 grammes of hsemoglobin per cent, can- 
not become cyanotic. Cyanosis is also influenced by the 
thickness of the epidermis and the amount of pigmen- 
tation, but still more by variations in the number, width, 
and length of blood-filled capillaries per unit of surface; 
thus it is increased by stasis. 

Lnndsgaard and Van Slyke classify the causes of true 
cyanosis somewhat as follows: 

1. Although all the air traverses lung tissue which is 
anatomically accessible to inspired air, diffusion of 
oxygen is hindered by— (1) low oxygen tension in the 
alveoli occurring at high altitudes or resulting from 
shallow breathing, as tin pneumonia; (2) decreased 
permeability of the alveoli due to physical conditions 
such as the exudation of fluid into them. 
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2. Fart of the blood paBsinglrom the right heart to 
the arteries traverses a path to which access of air is 
anatomicallj impossible; as, for instance, when there 
is a patent foramen ovale in the heart. 

About one-third of the total blood may be shunted 
through an nnaerated path before sufficient nnsatura- 
tion results to cause cyanosis. Presumably the reason 
for the absence of cyanosis when even one entire lung is 
collapsed by pneumothorax or pleural effusion is that 
less than half of the blood then flows through the 
unaerated lung. When the pressure in the pleural sac 
rises sufficiently to obstruct the circulation through 
the pulmonary artery on this side, more blood passes 
through the sound side, which may become over- 
ventilated. The blood may, therefore, still be 96 per 
cent, saturated with oxygen. 

8. There may be increased reduction of the oxygen 
in the blood, either from decreased rate of flow or from 
increased rate of oxygen consumption by the tissues. 

The principal causes of cyanosis, therefore, appear 
to be interference with diffusion in the lungs, shunting 
of unaerated blood into the arteries without passing 
through normal lung, and slowing of the capillary flow 

Nature’s method of compensating for defective 
oxygenation of existing corpuscles is by adding to 
their number. Thus prolonged residence at hi^ 
altitudes, such as Quito in Ecuador, results in poly- 
cythemia. The diminished oxygen tension at that 
height necessitates an increase in the number of oxygen- 
carriers, so that, though each, is capable of carrying 
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less, the total amonnt of o^^gen oaiiied to the tiesaeB 
remains the same. Applying this to diseases associated 
vrith chronic cyanosis, we shoold expect to find poly- 
cythomia also. Conversely, polycythasmia in itself 
tends to produce cyanosis, for, as we shall see, by 
slowing the capillary circulation, it increases the 
reduction of hemoglobin. And when there is excess 
of hemoglobin the limit of 5 grammes in the reduced 
state will be reached more easily. 

Eryfhnsmia (Splenomegalio Pdlycythasmia).— The 
most striking example of increase in the red corpuscles 
occurs in the condition first described by Yaquez in 
1892. Our knowledge of this disease has been added 
to by the observations of Osier, Saundby and Bussell, 
and Farkes Weber. The patient is usually in the 
middle period of life. He is generally, though not 
invariably, cyanosed, but there is no respiratory 
distress. The eyes may be prominent and the con- 
junctive suffused. Examination of the blood shows 
that the red corpuscles are increased from the normal 

6.000. 000 to a figure varying between 8,600,000 and 

12.000. 000 per cubic millimetre, while the hemo- 
globin is raised to 120 or 150 per cent. The white 
oorpusdee are usually increased from the normal 
8,000 to 20,000 per cubic millimetre, but in some 
cases are actually diminished. The viscosity of the 
blood is naturally considerably increased. The spleen 
is usually enlarged; sometimes it is greatly enlarged, 
but then infarcts or tubercles have usually been found. 
The urine freqnmitly contains a trace of albumen., 
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Pigmentation of the skin has been noted. The most 
prominent symptoms are torpor, both mental and 
physical; a sensation of fnlness in the head, with 
headache and vertigo, and in some cases nausea and 
vomiting. As Osier has pointed out, these symptoms 
remind us of those to which mountain-climbers and 
aeronauts are liable. There are also certain vaso- 
motor symptoms. If any part be rubbed it goes red, 
and if the patient gets hot the general cyanosis is apt 
to be replaced by a general flushing. A dependent 
part becomes blue, but if it be held up it may become 
pale. The vessels must be very full, for the volume 
of the blood is increased. Now the capacity of the 
vessels may be increased by relaxation of the vasomotor 
tone, and this loss of tone causes the effect of gravity 
on the circulation to become more pronounced. By 
the relaxed state of the vessels we can also explain the 
fact that the blood-pressure is not necessarily raised, 
although the vessels are so turgid. 

The increased viscosity of the blood is a necessary 
result of its concentration by excess of red corpuscles. 
Oustav Mann has calculated that the iriftTimnni 
number of corpuscles which the blood is capable of 
holding in each cubic millimetre is 18*9 millions. A 
blood-count of 12,000,000 implies, then, a very great 
increase in the viscosity of the blood, and therefore a 
considerable delay in the circulation time through the 
capillaries. This has been ^experimentally demon- 
strated. Anything which increases the stay of the 
blood in the capillaries allows of the abstraction of mote 
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oi^gen Irom it. We flboald therefore expect that this 
eaiue of ojoaosu would he diminuhed in part by 
Btimulating the rate of the oironlation by warmth and 
friction, as is actually the case. 

The polyoythcBmia remains to be explained. There 
is certainly an increase in the erythroblastic tissues in 
the red marrow. This could arise in two ways. Either 
it is compensatory or it may be of the same nature as a 
new growth. This latter view has been put forward by 
Farkes Weber {Quarterly Journal of Medicine, vol. ii., 
p. 86). He gives good grounds for thinking that the 
change in the red bone-marrow is primary; that there 
is an over-production of red cells, just as in myelogenic 
leuktemia there is an over-production of white cells. 

There is no evidence that this change is compensatory. 
The cyanosis is not due to an abnormal reducing agent 
in the blood, as was shown by Boycott, nor is there any 
reason to suppose that it is other than the result of slow- 
ing of the circulation by increased viscosity of the blood. 

Treatment . — ^There is at present no effective treat- 
ment for this disease. That oxygen inhalations are 
no good is only to be expected, as there is no deficiency 
of oxygen in the blood. Temporary benefit may be 
derived'from bleeding. X rays have been applied to 
the long Imnes with benefit in some cases. As benzol 
is believea to destroy blood-corpuscles, I have given 
6 to 10 ndnims in a capsule twice or thrice a day with 
apparent benefit. 

OTtBOSii in Oonganital Heart Disease.— -Daring foetal 
life the circulation is so arranged that the purest blood 
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from the placenta is sent as quickly as possible to the 
head. To achieve this the liver is short-circuited by 
the ductus venosus, and the blood entering the right 
auricle is directed by the Eustachian valve through 
the foramen ovale into the left auricle. In this process 
the limbic bands of the auricle assist by drawing the 
inferior vena cava towards the foramen. From this 
point the adult course of the circulation is followed to 
the head. The returning stream enters the heart by 
the superior vena cava, and passes down into the right 
ventricle, being largely shut off from the other stream 
in the right auricle by the Eustachian valve and the 
limbic bands. It leaves the right auricle by the pul- 
tuonary artery, but as it is uimecessary for all this 
volume of blood to go to the lungs, it is diverted by the 
ductus arteriosus into the aorta beyond the origin of 
the carotids. 

It is not correct to attribute the child’s first breath 
to the stimulating effect of exposure to the lower 
temperature of the outside world, for interference 
with the placental circulation while the child is still 
in utero will cause it to breathe; and if the child be 
received into a bath at body temperature, respiratory 
movements will occur as usual. When 'oxygenation 
in the placental circulation is interfered with, carlmn 
dioxide accumulates in the respiratory centre, and 
produces its usual effect — a stimulus to respiratory 
movements. 

These movements aspirate a large volume of blood 
into the luqgs^* which returns by the pnlmtmaiy veins 
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to the left Boriole. A faU of preeeore, therefore, ticoare 
in the right aoriole, and a rise of pressure in the left, 
which helps to close the oblique opening in the foramen 
ovale. The. downward movement of the diaphragm 
alters the plane in which the limbic bands act, so that 
they no longer draw the inferior vena cava towards tbf 
foramen ovale. 

The alterations in pressure also help to close the 
ductus arteriosus, as the distended aorta now projects 
within its lumen, and stops the flow through it. 

In this inj the ordinary post-natal condition is 
arrived at. But if there be stenosis at or below the 
pulmonary valves, the mechanism of this change is 
fundamentally disturbed, though the fcetal circulation 
will not have been embarrassed in any way. The . 
pressure on the right side of the heart will be too great 
to allow 6f closure of the septum between the two ydes, 
BO that it remains patent either in its auricula or 
its ventricular portions. In the latter case there is 
probably a true congenital defect, a reversion tot the^ 
type of reptilian heart; while the former is conhupnly 
the necessary result of a foetal endocarditis. 

The deficiency in the exit of blood from the right 
ventriofo will be made good to some extent by the 
ductus iffteriosus remaining open. I have seen com- 
plete atresia of tj)be pulmonary valves, in winch the 
whole of the blood to the longs reached them by this 
route. 

The only way in which the body can compensate 
for this obitmetion ^ the pUlmo|iai|^ prtery is by 
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olim(lhj|%e blood more faigUy^witb ooipasdet. ^le 
that the ozjgen capacity of that pinion does 
r^h the longs will be moreaNd«^%olyQy|^|felllU is 
therefore always met with in so^ ca^, and l|iy~ 
amount to 8,000,000 or 9,000,000 per cabioftnilli Bg^^ ; 
4^, b^ slowing capillary circalation, adds' 

(^anosis. 

It has been contended that the poly^mfenm iftd 
SifinoBis are alike due to general congestion 
yenoos system from obstmction; bat it has ]£qba1% 
beei^e lot of everyone, as it certainly haS^b^ mine, 
to see oases of congenital heart disease witirmarked 
Sya^psis and a high degree of polycythemia, in which 
sigiii bf baok-presBore were entirely lacking* " 

^oil^ causes (d chronic cyancsis call for only ftfief 
coaiideration. The other cardiac lesioni ityp^Uy 
associated with cyanosis are diseases of the 'MsiiBpid 
.ydve and adherent pericardium. Hera ^e 
Nation to the lungs is at fault, so that oxygenation is 
ll^Pjfgfect; at the same time venous congestion causes 
a c^ajn degree of stasis in the capillaries^ so ihct the 
bbcm there is richer in corpuscles than normaiL If 
osdema be present also, this will increase the ^noeo* 
iration of the blood. In this way a mod^te degree 
of pelyoythamia is found in the blood obta&hed from 
the pedpheral circulation. This is^ spoken of as a 
relative polyoythnmia, since there is not an^bsblute 
increase in the number of oorpusoles, but only an 
alteration in thw distilbotion with reject to the 
fluid constitueUs. 
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iktioif And growths aet 
interfeiing with the diostolie - 
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\J^edia8tinal 
m^h thfr|ame 
glling of hea»B^«« 

pf all piil^naiy ooOditions, ^phyiona oanses th4 
of ohronio oyanosu. Aooording to. 



][;yanoBis of an wctieme grade is more 


Imiw tAM in ^ other affection, except congenital, 
h^uft dia^^''' ' So far as I know,' he said, ' it is the ; 
m^j'iibease in which a patient may be able to ^ < 
abont, af|d even to walk into the hospital or consalting* 
room, ^ 1 ^ a lividity of startling intensity. The pon* 
tiast betw^ the extreme cyanosis and the compara* 
tire comfort of the patient is very striking. In other 
affections of the heart and longs, associated with a 
similar degree of cyanosis, the patient is invariably in 
bed, and nsoally in a state of orthopnosa.’ He made 
another eSceeptioh in favour of toxic cyanosis. 

In emph^ipi^a there is such a gradual dimiiAition 
of the oxygmating surface of the lung that the dis* 
comfort to the patient is reduced to a minininpi . 
There is only a moderate polycythemia, howem. 
After emphysema, fibroid change in the lung is, pm* 
haps, the most important cause of marked chronic 
cyanosis. Htee again the diminished surface available 
for respiratory interchange is responsible. 

When, in these conditions, the right heart bepiu to 
fail, cardiac causes for (^anosis are superadded, and 
the dyspnoea becomes marked. Until then the right 
heart has anH extraor^nary pbwer of compmsating 
for increased resistance ih the pidmonaijr ehtculation. 

L 87 
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In pneomonia, oyanosis was generally attributed to 
failure of the right heart rather than to the consoli- 
dation of the lung with consequent insufficient oxy- 
genation. But the 1918 epidemic of influenza showed 
many striking examples of cyanosis before heart failure 
occurred, which led to reconsideration of the problem. 
It was noted that in such oases very little air extends 
the affected lung. Keene and Wintemitz showed by 
injecting the long through the pulmonary artery that 
only a very scanty colour was produced in the con- 
solidated portion, whereas the normal parts were deeply 
stained. By means of X-ray examinations of human 
longs injected with barium emulsion. Gross found that 
the vessels in the region of grey hepatization were 
almost impassible. An important factor in pneumonia 
cyanosis would, therefore, appear to be deficient oxy- 
genation. 

Oxygen can produce a striking alleviation of cyanosis 
in emphysema with failing heart. This contrasts with 
its failure in congenital heart disease, and provides a 
further argument against explaining the cyanosis in 
that condition as due to venous congestion. , 

Local cyanosis, such as occurs in Raynaud’s disease 
and other vasomotor diseases, appears to be due partly 
to increased capillary distension and partly to stasiB, 
aUowing of increased absorption of oxygen by the 
tissues. Traumatic cyanosis, which is seen% the rare 
condition of pressure stasis following severe crushes of 
the chest, has been shown Beach to be due to 
mechanical over-distension of the veins and capillaries. 
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Trne extravasations of blood may ooour as well, 
however, especially in the lax tissaes around the eye, 
where the ordinary changes of colour in bruises will 
foUow. 

Oondusions. — ^Toxic cyanosis is doe to a chemical 
change in the hesmoglobin molecule, produced by 
drugs or intestinal intoxication, and leading to the 
formation ^ methemoglobin or sulphsamoglobin. It 
is not associated with polycythasmia, and there may he 
marked oligooythsmia. 

True cyanosis from increased reduction of hamo- 
globin in the red corpuscle is typically associated with 
polycythsmia, which may be — 

1. Absolute where there is simple defect of oxygena* 
tion, either— 

(a) In the lungs, because some of the blood does 
not get there, as in congenital heart disease, or because 
there is reduction in the oxygenating area of the lungs, 
as in emphysema; or, 

(b) In the periphery, because slowing of the circula* 
tion allows more reduction of oxyhamoglobin to occur 
in the capillaries, as in erythrsmia; or, 

2. BelaUve, from anasarca, which causes concen* 
tration of the blood, as in failing heart, or in a heart ' 
embarrassed by pericardial adhesions, which interfere 
with its filling. 

I would emphasize, in conclusion, the assistance 
that the blopd'Count aiifi the spectroscope will give 
in making the diagnosil on which alone correct treat* 
ment can be based. 
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Dyspnoea. — k healthy man may become short of 
breath from two different oanses — ^by taking strennons 
exertion, or by going to a high altitude. Now these 
two ways illustrate the two main types of dyspnoea in 
disease. We may say that an athlete who is ‘ breath- 
less’ has incurred an oxygen debt. Muscular con- 
traction can take place in the entire absence of oxygen, 
for this is only needed for the recovery process. Gly- 
cogen supplies the requisite energy for contraction by 
breaking down into lactic acid, hexose diphosphate 
being the intermediate stage. But oxygen is immed- 
iately needed to rebuild the lactic acid into glycogen, 
oxidizing one quarter of it in the process. When 
exertion does not produce dyspnoea, it means that 
the intake of oxygen balances the production of acid; 
but if muscle were unable to run into debt for oxygen, 
our capacity for exertion would be limited indeed. 
As long as this debt is unpaid, lactic acid is present in 
the blood stream, increasing its hydrogen-ion concen- 
tration; in other words, there is acidesmia which 
stimulates the respiratory centre to renewed effort. 
If the debt piles up enough there is fatigue sufficient 
to stop the exertion, which is protective in that it 
allows of recovery taking place without incurring fresh 
expenditure. Bigor mortis is oxygen bankruptcy. 
The continuance of dyspnoea after exercise indicates 
that the oxygen debt is not yet paid off (A. Y. Hill, 
Meyerhof). In the correspObding type of breathless- 
ness in disease, there is increased hydi^bgen-ion con- 
centration in the blood, due to lactic add or some 
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other sabstanoe. Thus we hove seen that in nromio 
dyspnoea it is probably due to acid sodium phosphate. 
Even when in the ketosis of diabetes there is no 
acidesmia, a chemical substance is present which 
similarly stimulates the respiratory centre. There will 
be no cyanosis until the heart begins to fail. 

On the other hand, at high altitudes the mere lack 
of oxygen due to its low tension in the atmosphere 
directly stimulates the respiratory centre, nervous 
tissues being more sensitive to this lack than any other 
tissues. The resulting hyperpnoea washes out COi 
from the lungs, so that the blood tends to be more 
alkaline, a condition which the kidney tries to rectify 
by excreting more alkali. The dyspnoea of heart 
disease is due to oxygen lack, largely the result of 
capillary stasis which allows of more complete reduc- 
tion of hsmoglobin. It is therefore usually associated 
with cyanosis; but there need be no increased pro- 
duction of acid. Indeed, the increased pulmonary 
ventilation may actually produce alkaltemia. 

‘This broad distinction between cause and effect 
may be recognized — ^when acidssmia is associated with 
breathlessness, the acidemia is the cause of the 
breathlessness; when alkalemia is associated with 
breathlessness, the breathlessness is the cause of the 
alkalemia . . . Just as the dyspnoea of exercise is the 
type to which acidsmic forms of dyspnoea may be 
referred, so the dyspqpea of high altitudes is the 
prototype shown in normal individuals of the alkalsemio 
forms.’ 
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TMatment— It follows that if dyspnoea is associated 
with acidsmia, administration of alkali to increase the 
alkaline reserve of the blood may be helpfoL Its 
limitation in the case of diabetic ketosis have already 
been considered. But when dyspnoea is associated 
with alkaleemia, as it usually is in simple cardiac cases, 
it is clearly futile to give alkalis. If digitalis is not 
contra-indicated on other grounds, it should be tried 
in such oases because a cardiac tonic will help to relieve 
capiUary stasis and the consequent anoxsemia. 

Naturally both in (^anosis and dyspnoea treatment 
by oxygen seems the rational procedure. But as 
already pointed out, when the cyanosis is due to the 
shunting of unaerated blood from the right to tho left 
side of the heart, as in congenital heart disease, oxygen 
will be of no avail. In failing heart, it will not be 
so effective as digitalis when capillary stasis is respon- 
sible for the oxygen lack, but when pulmonary com- 
plications, such as congestion and oedema, are present 
it will be very helpful. In pneumonia it is particularly 
indicated. The failure of oxygen inhalations is often 
due to the method of administration. As formerly 
given, they had no effect in increasing the inadequate 
oxygen content of the blood. Dr. Hilton informs me 
that bis observations show that when the funnel of an 
oi^gen cylinder is 10 centimetres distant from the 
mouth, oxygen has no advantage over ordinary air. 
But when the funnel is placed ^ht over the mouth and 
nose the effect on the alveolar oxygen is almost identical 
with that obtained by the nasal catheter, and is more 
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oomfortfrble. By this latter method a rubber catheter 
is introduced through the nose into the naso-pharynx. 
The catheter is attached to a Wolff bottle containing 
warm water through which oxygen is bubbled. Accord- 
ing to Meakins, in order that sufficient oxygen shall be 
administered, it must enter the bottle through a tube 
of at least 1 centimetre bore, and the bubbles must 
be so rapid as not to be countable. The Haldane mask 
and oxygen bag is far more efficient, but some patients 
cannot tolerate it. 

That oxygen given in this way can definitely benefit 
the oxygen desaturation of the blood has now been 
proved by arterial puncture. This allows of direct 
measurement of the percentage of oxygen in the blood 
before and after treatment. 



CHAPTEB XV 

THE PROBLEMS OF ASTHMA 

Thb problemB of asthma were for years most ba£9mg, 
bnji recent work has cleared the gronnd and defined 
the issues. These problems have now revealed them- 
selves as involving subjects of most topical interest 
— psychotherapy, sensitiveness to foreign proteins, 
vagotonia and endocrine balance. The treatment of 
asthma summarizes in itself, as it were, the chief 
trends of modem therapy. But there has been a 
tendency on the part of enthusiastic workers in some 
one of these fields to neglect due consideration of the 
other aspects. Successful treatment involves them all. 

It is always a dangerous thing to try to express a 
disease in a formula. Nevertheless, I attempted to 
do so for asthma not long ago. Hurst has recently 
improved upon that formula, and I accept his emenda- 
tion gladly. He has defined asthma as due to an un- 
stable or irritable condition of the bronchomotor 
portion of the vagus nucleus, which causes it to react 
unduly to psychical or peripheral stimuli, or to foreign 
proteins in the circulating blood. 1 think this could 
still be modified with advantage by including the 
obvious vasomotor turgescence which accompanies the 
424 
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bronchomotor spasm, as this is always present, and is 
sometimes the most striking feature of an attack, just 
as it is in the closely allied condition of hay fever. 
Moreover, it is carried out by the same vagal mechanism. 
Thus modified the formula can he expressed diagram- 
matically as follows: 

PBychical 

Btimali 

Peripheral stimuli > Vagus ^ Foreign proteins 




Bronchomotor spasm < 


> Vasomotor turge^oenoe 


I will first consider the stimuli acting on the centre, 
and then some features of its response. 

(1) Psychical Stimuli. — ^Ihat asthma often occurs in 

■ 

neuropathic families, and that asthmatics are unduly 
suggestible, are well-known facts. The paroxysm 
excited hy an artificial flower figures in every text-book. 
But it is extraordinary to witness the almost instan- 
taneous relief that may follow a hypodermic injection of 
distilled water into a patient who is anticipating one 
of adrenalin, when this is known to be efficacious. It 
makes me wonder how much of the success of single 
minim doses of adrenalin are due to suggestion and how 
much to the drug. At any rate, it explains why the 
asthma onrer who has profound belief in the efficacy of 
his treatment finds indreasing justification for that 
belief. For his confidence atouses responsive con- 
fidence in his patient. But what is not so clearly 
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recognized is that the effective Btimulns often arizes 
from a psychic conflict. Snch a conflict may express 
itself at the psychic level of the nervous system as an 
obsession or a phobia, and at the sensori-motor level 
as a paralysis, a tic, a contracture or an anesthesia; 
while if it sinks deeper to the visceral level it may 
express itself as glycosuria, exophthalmic goitre or 
asthma. Naturally other influences will help to decide 
m which of these ways the psychic trauma reveals itself. 
Thus, one sufferer from a psychic conflict who has to face 
a hostile environment may escape through an hysterical 
paralysis, but another who has to face the internal 
disorder produced by sensitiveness to foreign proteins 
is more likely to develop asthma. 

(2) Peripheral Stimuli. — have little to add to the 
common stock of knowledge of this subject. The 
influence of eyestrain, hay fever and other nasal 
troubles, sinus infection, gastric and intestinal distur- 
bances, and of uterine disorders is well recognized. 
But 1 should like to call special attention to enlarged 
bronchial glands, especially in children, and to suggest 
that this may explain the liability of healed tuberculosis 
to excite asthma in susceptible subjects. Interesting 
observations by Baccarini show that peripheral irri- 
tation of the pleura, such as paracentesis, may excite 
an attack of asthma. In the epileptic a fit can be 
similarly produced, which leads him to compare 
bronchial spasm to a localizedrepilepsy. Other points 
of resemblance between epilepsy and asthma will 
readily occur to the reader. 
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(8) Foreign Piotelni. — Of recent yean great atten- 
tion has been paid to this factor. Morley Roberts has 
made the profonnd remark that ' immunity is assimi- 
lation.’ There is one flesh of birds and another of 
beasts. From the welter of amino-acids which result 
from the disintegration of food proteins each animal 
has to build up its own characteristio and specific 
tissues. Specificity is chemical as well as morpho- 
logical. To .some foreign proteins we are naturally 
immune — i.e., we can assimilate them automatically; 
to othen we acquire immunity — i.e., we learn to 
assimilate them. But to some foreign proteins im- 
munity is neither congenital nor acquired. The tissues 
continue to resent the intrusion of such. They will not 
assimilate them. Such proteins excite anaphylaxis in 
varying degrees. Richet has defined anaphylaxis 
as the last stand of the race against adulteration of its 
protoplasm. In extreme degrees anaphylactic shock 
is fatal because assimilation would mean too profound 
an alteration of bodily structure. In less degrees ana- 
phylaxis declares itself in violent attempts to get rid 
of the foreign invader. As Drury has expressed it, 
the toxic idiopathies are conservative, self-repairing 
mechanisms under parasympathetic control. 

The Influence of the Paresympathetle.— The great 
function of the parasympathetic may be defined as 
promoting the assimilation of suitable and the rejection 
of unsuitable material. • Thus it starts the secretory 
and muscular processes of digestion, while it empties 
the rectum and bladder, and can reject food by vomit- 
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ing. The excitation of bronchial catarrh and congh 
is eimilarlj a method of ridding the body of nnsuitable 
material, and it is interesting to recall in this connection 
that drags which are expectorant in small doses are 
emetic in larger ones. The similarity of the para- 
sympathetic action on the alimentary and respiratory 
tracts is not surprising when we remembei that the 
latter tract develops as an outgrowth from the former. 
The vagal factor in normal respiration, may indeed 
be defined as a mechanism for insuring the alternate 
taking in of assimilable oxygen and the rejection of 
unnecessary GO,. Confronted with an irrespirable gas 
the vagus checks its entrance to the lungs by lamygeal 
spasm. But I do not think we can in this way explain 
bronchomotor spasm, which, while tending to interfere 
with elimination, does not prevent the entrance of 
unsuitable material. This, I think, is an example of that 
exaggerated response which is so typical of pathological 
states. The undue irritability of the vagus centre sets 
up such a strong efferent impulse that it is not confined 
to the vasomotor channels, but overflows along the 
bronchomotor fibres. 

Without accepting the whole of Eppinger’s and 
Hess’s theories we may agree that the asthmatic is a 
vagotonic, and is liable to other manifestations of vago- 
tonia. 1 recently had a curious instance of this in a 
man who suffered from both asthma and gastric ulcer, 
and who had found out fo» himself that he could 
relieve the pain of his ulcer by smoking a stramonium 
cigarette. And 1 should agree with the description 
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which has been given of a form of mucons colitis as 
* asthma of the colon.’ 

The Sympathetic and Endocrine Balance.— But 
vagotonia may be relative as well as absolute. In 
other words, it may well be that an overacting vagus 
is due to diminished action of the antagonizing sym- 
pathetic. One of the greatest gaps in our knowledge 
at the present time is our almost total ignorance of the 
part played, by the endocrine glands in immunity. 
Yet I feel that further research will show that just 
as anaphylaxis is associated with vagotom'a, the 
opposite condition of sympathicotonia is related to 
immunity through the endocrine system. Not in- 
frequently hypo-adrenalinism follows or accompanies 
anaphylaxis, and certainly adrenalin has a valuable 
action in anaphylactic shock. It has a similar effect 
in some •cases of urticaria. Hurst considers that the 
toxic idiopathies, including asthma, produce their 
effect, at any rate in part, by depressing adrenal 
activity. He believes that the influence of fatigue 
in inducing the asthmatic paroxysm is capable of a 
similar explanation. Morley Boberts suggests that so 
might be the apprehensiveness so common in asth- 
matics. As explained in Chapter L, the over-activity 
of the broncho-constrictor fibres of the vagus is kept in 
check by the broncho-dilator action of the sympathetic, 
which the secretion of adrenalin would stimulate. 
Hence the effect of ap injection of adrenalin, or of 
sudden fright in checking an attack of asthma. 
Asphyxia has a simile action and produces the same 
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effect; no doubt it ia thus a factor in bringing the 
attack to an end without a fatal iaaue. I am aware 
that Stewart and Rogoff deny thia emergency action 
of adrenalin, but Gannon’a recent experimenta {Journal 
of Menial Nervous Diseases, 1921, liv., p. 421) have 
diapoaed of much of their purely deatructive critidam. 
The liability of aathma to come on during aleep, when 
the paraaympathetic gaina the upper hand, further 
pointa to the influence of disturbed balance between 
the two great branches of the visceral nervous system. 
The reinforcement of the adrenalin effect by pituitrin 
may be held to point in the same direction. The glands 
which co-operate with the sympathetic appear generally 
to help in checking the asthmatic paroxysm. The 
stimulating effect of the gonads in the sympathetic 
endocrine group may account for the influence of 
uterine disease in exciting asthma. It must be ad- 
mitted, however, that it is difficult on this hypothesis 
to explain why asthma is liable to appear at puberty 
and to be aggravated by pregnancy, when the thyroid 
and pituitary are stimulated, unless it is that some 
asthmatics have a gonadal deficiency which declares 
itself in this way. Certainly gonadal deficiency may 
be assodated with thymic asthma, which is comprehen- 
sible since the thymus is an infantile organ, apparently 
antagonistic to the gonads. Recently I saw a case 
of what appeared to be thymic asthma in a stout girl 
aged seventeen, with amenonhoea. Treatment with 
an ovarian extract was sufficient to stop the attacks. 
No dement of suggestion came in here, for she did 
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not know what she was taking. In general terms, it 
would appear that when the endocrine balance sways 
in the direction of the vagus, asthma is likely to occur 
in susceptible subjects; when the balance is redressed 
in favour of the sympathetic, attacks may be cut short 
or prevented. 

Asthma, Anaphylaxis and the SUn.— The skin un- 
doubtedly has excretory functions. Uremia may 
manifest itself by a marked toxic erythema. The 
rashes of the exanthemata have often been compared 
with that produced by serum in anaphylactic subjects. 
This conception of an excretory mechanism is expressed 
in the popular idea of the benefit derived by ' getting 
the rash out.’ The toxin which cannot be assimilated 
— i.e., to which the body is not immune — must be got 
rid of somehow, and at any rate from the vital struc- 
tures. In this connection it is interesting to note the 
occasional alternation of attacks of eczema and asthma. 
The following family tree which came under my notice 
is a striking example of this alternation in different 
members of the family: 



Ecunu Eosema Laiyngismna laiyngismoB 
Btridnliu Btrididua 


The condition of laryngismus stridulus is recognized 
as the infantile equivalent of asthma. It is further 
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of intereat to recall that both in skin diseasea and in 
aathma eoainophilia ia a nanal feature of the blood 
picture. Aa an attack of aathma goea on and expeo* 
toration becomea more abundant, the eoainophila paaa 
into the aputa. 1 ahould regard the akin reaction of an 
aathmatio to foreign proteina aa an attempt to waah out 
the offending non-aaaimilable material from the akin. 
1 waa proceeding to look for the occurrence of eoaino- 
philia in the urticarial whoala produced by thia teat, 
when Dr. Mackenzie Wallia informed me he had already 
observed it. I think this all accords with the observa- 
tions of Kanthack and Hardy, thirty years ago, on the 
r6le of eoainophilia in bacterial infections and intestinal 
digestion, which have passed into undeserved oblivion. 

Treatment — ^Theae considerations help to provide 
a rational explanation for some methods of treatment 
which have been empirically used in the pastn I hope 
also that they may help to co-ordinate the views of those 
working at different aspects of the problem, and to 
emphasize the necessity for all-round assault on every 
case of asthma from these various aspects. For some, 
asthma is merely a psychological problem; but that is 
to close one’s eyes to the toxic factor. For others the 
toxic element is the primary thing, the nervous factor 
being merely the failure of the nervous system to co- 
operate successfully in getting rid of the toxin. This 
view has been well expressed by Morley Roberts thus: 
‘Why is there a spasm? ^hat is the spasm but 
violent overacting surface tension pulling every cell in 
the small bronchi and alveolar spaces into its least form. 
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88 it tries to squeeze out irritants, tries to defecate, 
so to speak. The sympathetic and parasympathetic 
rush in to aid. There is a tendency to overrate nervous 
action. Cells live their lives, have their disasters, even 
without nervous interference except in stress, as they 
did in the beginning.’ But this view is not capable of 
explaining the influence of suggestion in actually pro- 
ducing a paroxysm in the absence of the exciting toxin. 
The suggestibility of the patient should be utilized 
to help him confidently to expect a cure. The effect 
of climate may often be due to suggestion. An asth- 
matic goes to a place and has an attack; therefore, each 
time he goes there he expects to have one, and has it. 
The converse is also true. To point this out in the 
former instance may help him to avoid repetition. 
But search must also be made for deeper seated 
psychological troubles. Naturally sources of peripheral 
irritation must be eliminated; this includes avoidance 
of late suppers and cold bedrooms. The skin reactions 
are in my experience very helpful in determining the 
foreign proteins to which the patient is sensitive. 
Not only in asthma should this be tried; it is worth 
trying in any vagotonic with toxemic symptoms. 
1 recently had a striking example of this in a patient 
who was emaciated and profoundly depressed, but 
whose chief objective trouble was a painful swelling 
of the tongue and lips. Dr. Mackenzie Wallis kindly 
tested his skin reactions and found be was highly 
sensitive to cereals. In addition to other simple 
measures, cereals were removed from his diet, and he 

28 
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vaB allowed many things which had formerly been 
prohibited in the belief that he had goat. The effect 
was dramatic; in one month he put on 16 poands in 
weight. His medical man wrote as follows: ' I think 
his almost daily progress has been one of the most 
marked and interesting cases I have had under my 
observation for a long time. Socially he is entirely 
altered . . . bright and entertaining, and his old- 
fashioned courtesy has returned. In fact, he is so far a 
complete revolution and revelation.’ An experience like 
that gives one cause to think of the toxic factors we must 
often overlook in oases diagnosed as neurasthenia, or 
' functional.’ Where the offending protein cannot thus 
be diminated, we should consider what methods of 
desensitizatbn are feasible. 1 should like to add that in 
my experience it is most important to exclude the syphilitic 
toxin as the offending protein. 1 saw a case in a woman, 
aged forty, who had asthma during her last pregnancy; 
she was delivered of a macerated foetus and her Wasser- 
mann reaction was strongly positive. 

The universal belief in the efficacy of the beUadonna 
group in asthma finds its justification in the paralyong 
action of such drugs on the parasympathetic endings, just 
as the fillip given to the sympathetic by adrenalin or 
cocaine helps to redress the balance in another way. 
According to some, the influence of iodide is mainly to 
activate the thyroid; if this is so the benefit of this drug 
in asthma is comprdienBible, sjnce the thyroid secretion 
lowers the threshold to sympathetic stimulation. But 
so far we have no explanation of the way in which arsenic 
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acts m this disease though oertamly it often seems to 
help. The importance ol doing everything we can to 
restore an impaired endocrine balance is, I think, on- 
doubted. In young subjects breathing exercises to 
develop the chest are also valuable. 

This all-round attack on the problems of asthma seems 
to me to afford the best chance of relief,, especially if 
carried out before structural changes such as emphysema 
have occurred. After that a vicious circle is set up which 
is hard to break. 



CHAPTEB XVI 

VEEAHZN8 AND GALCinH METABOUBH 

At the end of the nineteenth centniy it was held that the 
oalorie value of the food consumed was the all-important 
fMtor in nutrition. Then Sopkins showed that a 
dietary of pure protein, fat and carbohydrate, with the 
addition of appropriate mineral salts, could be well 
digested, normally absorbed and duly oxidized in the 
body of an animal, and yet wholly fail to support it in 
the absence of certain organic substances present in 
minute quantities, and easUy overlooked. Euak believed 
that he had isolated some of these as basic crystalline 
todies and therefore called them vitaTMnes, It is now 
agreed that they have not yet been prepared in a pure 
form, and as there is therefore no satisfactory evidence 
of their apiine constitution, the non-committal term of 
vilgsgim has been substituted. They are as oharaoteristio 
of vegetable activity as hormones are of animal life, 
and, like hormones, they are intensely active in minute 
quantities. As they are introduced into the tody with 
the food they have been appropriately called ^QgeiQ^;yiB 
hormones. Their influence on<.the endogenous hormones 
has been insisted on by McCarrison. 

It is usual to follow McCollum in classifying them as 
486 
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0) A, the fot-floluhle vitflmin conoemed with 

growth and oontaining the anti-raohitie factor, (2) vitar> 
mm B, the anti-neoritio labstaDoe, and (8) vitomin C, the 
anti‘Soorbntio factor. The minimal amount of a parti- 
cular vitamin which is require to prevent or remove such 
symptoms in an animal has been determined (Osborn 
and Mendel, Drummond and Zilva, Mottram). Although 
more abundant in fresh, uncooked food, they are not 
destroyed by heating to boiling if access of oxygen be 
avoided, and are therefore more stable than enzymes. 
There does not seem to be any special advantage in 
increasing the intake of them above the normal. Above 
the minimal amount their action appears to be qualitative 
rather than quantitative. 

Vitamin A.— The absence of the fat-soluble , vitamin 
from vegetable fats is due to its being left bebmd in the 
vegetable* structures from which such fat is derived. 
Thus if piar^uine is made wholly from vegetable fats 
it lacks this vitamin. It is abundant in butter, and is 
present in most ftnimal fats, with the exception, strange to 
8ay,oj(lard. Mellanby, who was the pioneer in the modem 
work on rickets, tested the influence of different fats in 
remedying this condition when experimentally produced 
in pnppies. He found that the effect varied with the 
amount of vitamin A contained in the fat. GodJiyer 
oil » pazticolarly rich m it, which is interesting in view 
of its time-honoured empiric use in the treatment of 
rickets. 

Now tickets is a disease of growth, and if the animal 
does not grow the typical bony changes do not occur. 
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Since yitanun A is neoeeeaiy btt growth, its complete 
absence is not accompanied zickets simply because 
growth is checked. Bat if cod-liyer oil is 
by a oairent of air, it fails to si^>port growth while still 
potent as ^ prophylactic against rickets. Evidently there 
is more than one active ingredient in the oil. Further, 
rickets is a disease of winter, and it has been found that 
sunlight or the ultrar violet rays from the mercury vapour 
quartz lamp provide the requisite actinic rays to mobQiro 
the residual stores of the vitamin already in the 
Even the air which has been previously irradiated may 
, have a si milar effect (Margaret Hume), which may explain 
the importance previously attached to fresh air in this 
connection. There is a sort of inverse relationriiip 
^between the amounts of vitamin A and li ght that are 
< necessary to regulate the mineral metabolism of the 
:body. Thirdly, there must be in the diet an adequate 
amount and correct balance of calcium and phoaphataa . 
An actual deficiency in this respect is not likely to occur, 
however, on any ordinary diet, and within limits a 
suffidency of the vitamin is able to correct for this. 
Defidency of this vitamin or of jn the mother’s 

diet during pregnancy and lactation may also predispose 
the offopring to rickets. The whole question of 
interesting interactions is full of promise for the anlu t io n 
of other metabolic problems, and may be studied in 
the rqKxrts of the Medical Research Council, where 
the valuable observations of Miss Chick and her fellow> 
workers in Vienna are fully recorded. 

Another nurions result of deprivation of vitamin A is 
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{ 0 ro^ gl the jjaball ooxyanotiT&i due to damage 
of itB entire seoretoiy apparatus. 

Vitamin B.— This water-solnble vitamin is the substance 
which is necessary for the prevention of beri-ben, and 
which rice loses when it is polished. 

In the ' refining ’ of the wheat grain before it forms 
white flour the water-soluble vitanun is entirely re- 
moved. If in this country pure white wheaten flour 
were to form so large a proportion of the whole diet as 
rice does in the East, beri-beri would with certainty 
appear among us. Brown bread and butter is, from the 
standard of vitamin supply, an excellent combination, 
while white bread and margarine may be a very bad 
one. 

Vitamin 0. — ^The experience of the war has quite 
deprived lime-juice of its reputation as an anti-scorbutic. 
This reputation dates from less scientific times when all 
fruits of this kind were known as * limes.’ The * lime- 
juice * of the Navy was obtained first from the Mediter- 
ranean area, where the true limes do not grow. During 
the Napoleonic wars it was difficult to get fruit from the 
Mediterranean, and just then we wished to develop the 
newly acquired West Indian Islands, where limes grow 
but not lemons. Quicker voyages, cold storage, and 
other improvements prevented serious outbreaks of 
scurvy until the siege of Kut. The Hindoo troops 
would eat dried grain but no meat, and in spite of lime- 
juice the death-rate from scurvy was so high as to be 
an important factor in the fall of Kut. The British 
troops ate horse-flesh and survived. 
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Fresh milk contains both an antisoorbntio and an 
anti-neuritio principle. Bterilizatioa of nulk-^estroyB 
the former, so that scurvy may be induced in infants 
fed entirely on such food. Holst and FrOblich caused 
fatal scurvy in guinea-pigs by feeding on barley, oats, 
or rye. Timely addition of fresh potatoes, apples, 
carrots, or cabbages, would cure the disease. 

Recent observations have shown that although dried 
products, such as beans and peas, have no vitamin, 
ithey develop them if they are damped and allowed to 
sprout, and are then as effective as fresh vegetables. 

Ci^bbages appear to be by far the most efficient anti- 
scorbutics, but all the cruciferse — such as watereress, 
inuptard, turnip, swede, cauliflower, radish, and horse- 
radish — have that property. 

The juice of raw swedes is particularly useful for 
babies fed on dried or sterilized milk, when oranges or 
lemons are too dear. 

As Hutchison says, this new information should 
confirm our belief in a mixed diet, drawn from as many 
sources as possible, and should discourage fads, extremes, 
and one-sided views and practices in dietetic matters.' 
It may also have an important bearing on the dietetic 
treatment of malignant disease (Copeman) as the 
rapid and disordered growth here may demand more 
of such substances than normal tissues. Funk found 
that chickens fed on red rice did not grow. If yeast 
or powdered sarcoma cells were added, they grew, 
though not so much as on their ordinary diet. 
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Caldnm Metabolism 

Special interest has been taken in the rdle of calcium 
in the body, and many theories, not always well 
founded, have been based thereon. Some interesting 
therapeutic results have, however, been obtained. 

In one sense, calcium may be regarded as a very 
inert substance, as it is deposited in largest amounts 
in no rmal tissue with a sluggish metabolism, such as 
bone, or in any dead tissue which is not infected, but 
is so large or so situated that it cannot be absorbed. 
The percentage of calcium may be almost exactly the 
same in either case. Muscles showing the reaction of 
degeneration contain an excess of calcium salts, as do 
retrogressing malignant tumours. Degenerated or 
nj^rotic ganglion ceUs of the brain become infiltrated 
with caldium salts until a complete cast is formed, 
with dendrites and axis cylinder infiltrated alike 
(Wells). Calcification in quiescent tuberculous masses 
jtnd the deposit of calcium in areas of fat necrosis 
illustrate the same thing. 

Thej[§pl§cement of -elastic tissues by calcareous 
material is a characteristic feature of growing old and 
is well seen in arterial degeneration, which is in a sense 
a form of premature senility. 

played by calcium in the clotting of blood 
— a change which signifies its death as a tissue— might 
be regarded as another example, but the calcium only 
renders the fibrin ferment active, and does not form 
an essential part in the resulting clot. 
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Bat all the aotiTities of oalciom cannot be disposed 
of so snmmarily : for jgaldam s^tS. are essential ta4he 
lieart-beat, and indeed, if they were simply inert, no 
bad result would follow their removal from the diet. 
But calcium is constantly leaving the body in the 
ei^cretions, and it must be replaced. Not only is it 
' excreted in the urine, but Voit found that it was also 
eliminated by the bowel in small amounts — about 0*15 
to 0*16 gramme a day. Some consider the excessive 
drain of calcium salts in diabetes as a factor in pro- 
ducing acid intoxication. This all points to an active 
function for calcium salts in metabolism. 

A good deal of work has been done on the influence 
of the ductless glands on calcium metabolism, and 
Vines’ work on the effect of parathyroids in increasing 
the ionizable calcium content of the blood has been 
referred to in Chapter I. The usual result of thyroid 
excess is to increase the excretion of calcium, prevent- 
ing it from being fixed in the tissues or reaching a high 
level m the blood. Hence perhaps the menozrhAgia 
eottfXDon in hyperthyroidism. Excess of the internal 
secretion of the ovary is said to act in the same way. 

osteomalacia there is an abstraction of calcium from 
the bones. The disease is greatly aggravated by preg- 
nancy, which is attributed to the drainage of calcium 
from the tissues for the benefit of the foetus. Removal 
qf the ovaries has been consequently performed, with 
temporary improvement. Bo^i, of Genoa, has found 
that fixtract, and Blair Bell finds that extract 

of the pitnite^ infnndibnlnm, have a similar effect. 
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CURD^G OF MILK 

Bam oval of the ttiymns U followed by iooteaeed 
atwetio n of calcium (Bosch) and by softening of the 
bones (Bracci). The influence of the parathyroids on 
calcium metabolism in relation to tetany and sepsie 
has been considered already in Chapter 1. 

Lime-salts are absorbed with difficulty, and appear 
to retard also the absorption of the fluid in which they 
are dissolved. The most striking effects of altering 
the calcium content of the diet are found in connection 
with the curdling of milk and the clotting of blood; 
these will therefore be dealt with first. 

Oaldom and the Curdling of Milk.— The curdling of 
milk takes place in two stages: first, the rennin of the 
gastric juice converts thooaseinogen into soluble casein; 
then^ the ccdcium salts present precipitate the casein 
in a soluble form. If the calcium salts be removed, 
this precipitation does not occur. 

Now, in the feeding of infants on cow’s milk, one 
of the disadvantages is that the curd is tough and 
massive, quite unlike the much finer flocculi formed 
in human milk. As cow’s milk is richer in proteins 
than human milk, this can be remedied to a certain 
extent by dilution; but in that case the carbohydntes 
and fats e reduced too much. Simple dilution may 
thus mean nndemutrition. This can be corrected 
li^. 4 Mldition of sugar and cream, but the method is a 
little troublesome, and does not altogether avoid the 
objectionable fotmatioDof a tough curd. 

' Qpst^.milk contains times as much calciuip jib 
lUpBan~niiUi so if we can remove some of this we 
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need not dilate the milk so mnoh. Oxt^es and 
fluorides, which were first used to precipitate calcium, 
w poisonous, and cannot be used. Wright found that 
dtntes, which are harmless, had a similar action. 
According to C. J. Martin, citrate of soda acts by form- 
ing a doable salt with calcium, which is not available 
for curdling of milk or clotting of blood. This has the 
additional advantage that the calcium not being re- 
moved entirely is still available for other purposes in 
metabolism. 

If 8 grains of sodium citrate be added to each ounce 
of milk, there is only a very fine curd; and 2 grains, or 
even 1, will markedly diminish its cohesion. The 
sodium salt is more effective than the potassium salt. 
The method is simple, for the salt is freely soluble, 
and the required amount can be prescribed in a drachm 
of water, to be put in each feed of milk.* A little 
’iol^oroform water should be added to a bottle that has 
to last a week, to prevent fungus growing in the dilate 
lolution. 

In such doses it scarcely alters the taste of the milk 
at all, and, as it is a neutral salt, it does not tend to 
inhibit gastric secretion as do the alkaline salts. 

Poynton sums up its advantages as follows: It 
renders the curd of cow’s milk more easily digestible; 
it is cheap, convenient to handle, easy to control, and 
progressive in principle. It allows the milk to be 
given in a more concentrated form, and thus avoids 
to some extent the risk of underfeeding; there is no 
danger of scurvy; it gains the confidence of the mother. 
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who natorftlly boliju^p itt nwdioinoa. BosidoB employ- 
ing it in dyspepsia, he uses it as a routine for weaning 
a healthy infant on to cow’s milk, gradually dinxinish- 
in g thft i^tnnnnt of citrato. Ho does not find it of value 
, * in the rare oases of complete intolerance of cow s milk, 
),in severe oases of gastro-enteritis from impure milk, 

Y or in organic diseases, such as congenital hypertrophic 
SteSi^ie of the pylorus. In the last case, however, I 
thinlr it may be a useful adjunct to other methods, as 
it is essential to prevent the formation of any lumps 
in the stomach. 

It is called for whenever undigested curds appear 
in the stools. Apart from other reasons to be con- 
sidered presently, it should bo used in typhoid fever 
in such circumstances. Our treatment of this disease 
is often fallacious in that we regard too much the 
condition of the food when it enters the month, rather 
than its condition as it passes over the ulcers; it is 
clear that many solid foods are fluid by that time, 
wjjije milk, though liquid when swallowed, will form 
curds that may irritate the ileum. 

The practical success of this method raises doubts 
as to the physiological advantages of curdlmg in 
general. It is usually claimed that, did curdling not 
occur, the milk would pass along the intestine too 
rapidly, and thus escape unabsorbed; but, as a matter 
of fact, we find that milk may be absorbed more com- 
pletely when it is thus prevented from curdling. Pj©- 
cjeatie-juieo^eoittainrn milk-curdling ferment, but if 
the juice be active no cord is seen, because the trypsin 
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win digest it as fast as it forms.- On theouldition of 
6 per cent, sodium chloride, tryptic activity is delayed 
and there is obvious curdling. Thus a regulating 
mechanism is provided, which delays the onward 
passage of the milk should pancreatic digestion be en- 
feebled, strongly suggesting that, as long as this is active 
the formation of a curd has no particular advantage. At 
any rate, the frequency with which 1 have seen tough 
cheesy masses in the stomachs of infants post mortem 
has impressed me with the accompanying drawbacks. 

Oaldnm and the Clotting ot Blood.— In the clotting 
of blood, the part played by calcium is different, 
^brin ferment results from the interaction of three 
substance^t^ombogen in the plasma; thromboldnase 
contained in all tissue cells, including the leucocytes 
and platelets; and calcium salts. Once the ferment 
has been formed, the calcium can be removed without 
interfering with the clotting. Thus it operates at an 
earlier stage than in curdling. 

liy^right has observed the rate of coagulation by 
means of a capillary tube, into which the blood is 
drawn, and the time required for clotting noted, hoping 
in this way to control the effect of therapeutic measures. 

! If coagulation be too quick, the blood could be decal- 
cified by giving citrate of soda; if too slow, oaldnm 
^ salts could be added. 

Addis (Quarterly Journal of Medicine, voL ii., p. 149) 
seriously questions the aoouraey of Wrist’s method, 
and therefore of his deductions. While admitting the 
force of his criticisms, we must recognize that certain 
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conditions are benefited by giving oitratee, and others 
by caloiom salts. 

Indications lor Deoaloifloation.— Wright asserts that 
every adult patient who is put upon a diet of milk is 
thereby predisppsed tou thrombosis, in consequence of 
the large intake of calcium salts. He believes this 
accounts for the frequency of thrombosis as a sequd 
of typhoid fever. F. J.. Smith also thought that Im 
greatly dminished the frequency of thrombosis in 
typhoid fever by allowing a more liberal and not ex* 
dusively milk diet. 

Thrombosis occurred, with special frequency, as a 
sequel to typhoid fever in the South African War.* 
The usual explanation given was that prolonged march- 
ing had thrown a strain on the veins of the leg, but as 
thrombosis is such a late event in the disease, this 
must have lost its effect during the long enforced rest 
that preceded the clotting. It seems to me much more 
likely that the general use of condensed milk playe^ 
an important part. Fresh milk contains some citric 
acid, thus providing the antidote to some of its abun* 
dant calcium. This citric acid is apt to separate out 
m-aa msolnble form from condensed milk. 

In all oases where milk diet is used for some time 
^rate of soda should be added unless a septic focus 
is present, which would tend to reduce tbe calcium 

* About 6 per oeot. of ell oesee developed thromboeiB. or 
doable the proportion of the caeee which do eo in this conntty. 
GramUe’s oft-qnoted flgnie/in which 26 per cent, suffered from 
thromboeiB ere vitieted by the fact that many of his oases were 
those invalided home on aooount of this complication. 
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content of the blood. Suoh a eimple prooednre would 
jnstify itself if it saved one patient from the dangers, 
pain, and chances of lifelong inconvenience entailed by 
thrombosis. 

When once dotting has oconired in a vein, the 
question arises whether it is better to give citrates 
with the view of aiding resolution, or calcium salts to 
assist in getting the clot u firm as possible and thus 
diminishing the risk of embolism. Of late the tendency 
|bas been to administer parathyroid extract with caldum 
ualts with the latter object. 

Indications lor Increasing Coagulability.— Wright’s 
attention was drawn to this subject because as a boy'* 
he was subject to severe giant urticaria when he took 
acid fruits, which are, of course, rich in decalcifying 
agents. Chilblains, ‘ angio-neurotic ’ oedema, and 
physiological albuminuria, he considers to, be, like 
urticaria, due to lowered coagulability of the blood, 
which permits transudation of plasma from the vessels 
into the lymph spaces— a ' serous hemorrhage,’ as he 
calls it. G^win found that serum sickness was much 
less common if calcium salts were given by the mouth 
at the time antitoxin was injected. The bearing of 
this on functional albuminuria has been referred to in 
Chapter VIII. In all these conditions the blood must 
be replenished with those salts which render the plasma 
more coagnlable and viscid. 

For this purpose (g^tdum lactate has yielded the 
best results. This salt has the following advan- 
tages: firstly, it is devoid of unpleasant tas^ is snf- 
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fioiently soluble (about 1 in 10) in water, and is suitable 
for administration in the form of powders; and, 
secondly, as thA aalta ^if organio acids, and more par* 
tioularly of lactic, acid, jire readily oxidized in the body, 
‘thfnr bases are more readily utilized. A dose of 
4 grammes (1 drachm) may increase the coagulability 
of the blood within twenty minutes, and maintain its 
effect for from four to seventeen days. It should be 
given when it is desired to exalt coagulability as rapidly 
as possible. When the object is to maintain a per* 
manently high level of blood coagulability, the dosage 
should be 1 gramme (15 grains) three times a day. 

Ma^esium salts bring about a similar change, which 
explains the rationale of magnesium carbonate in the 
treatment of urticaria, and its special efficacy in that 
form of urticaria which follows upon the ingestion of 
decalcifying agents. 

Calcium salts are used with the intention of pro* 
moting clotting in the sac of an aneurism, in purpura, 
h^QUtphilia, intestinal hasmorrhage, and as a precau* 
tionary measure against bleeding during operations, but 
1 have not been impressed with the results. Cushing 
doubts whether any improvement observed in such 
oases can really be referred to the drug, since much 
more calcium is taken in with the food than is sufficient 
for the body. On the other hand, Addis, though deny* 
ing that the ooagolation*time is increased, admits that 
the amount of ionizabla calcium in the blood can be 
increased by the administration of soluble calcium 
salts. 


29 
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G.. Bobs met ^th B.ev^g.,phroDio ,beadaQhe» 
troublo^ome urticaria, and defioiant coagulability, of 
the blood in a patient. Calcium chloride was given 
for the urticaria, and the headaches vanished also. 
This suggested to him that the headache might also 
be due to a similar ‘serous hsmorrhage’.into the 
meninges. He treated forty-eight oases with 16 grains 
of the chloride or the lactate of calcium three times a 
day. Forty of the cases obtained complete relief and 
eight considerable relief. With the relief, the coagula- 
bility of the blood was exalted in all the oases in which 
it was tested. According to him the type of headache 
which responds to this treatment presents the following 
characteristics: 

1. It is present and most severe on waking, and 
tends to disappear one to six hours later. 

2. It is usually a dull, heavy ache or a frontal or 
temporal throbbing; occipital, vertical, or unilateral 
pain being less common. 

8. It is very chronic, often of several years' duration, 
and most intractable to ordinary treatment. 

Women are more frequently affected than men. The 
expression is heavy and listless, the face is full, and the 
eyes are often puffy. Some antsmia is usual; constipa- 
tion is the rule; loss of appetite and indigestion are 
common. There is a tendeni^ to chilblains, u^ticNfia, 
and csdema, the latter manifesting itself more com- 
monly as a morning fulness between the eyes, and less 
frequently as an oedema of the ankles and feet. The 
patient sleeps_heavily, but wakes withou|. feeling 
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rested, and there is a tendency to mental depression. 
Irritehflity combined with languor he regards as oha^ 
acteristic. 

He fonnd the symptoms returned on deoalcifioation 
of the blood by sodium citrate to disappear a second 
time on treatment with calcium lactate. 1 have seen 
an example of this type of headache with menorrhagia 
(which also is associated with low caldom content) 
greatly bene&ted by calcium lactate. 

and the Rhythm ot the Heart — In the 
chapter on irregular action of the heart it was shown 
that calcium salts were essential to cardiac systole. 
Howell and Duke found that increase in the concentra* 
tion of calcium salts acted like stimulation of the 
accelerator neiye. There was chiefly augmentation of 
the beat. A reduction in the calcium salts caused a 
more rapid as well as a more feeble beat. In the total 
absence of calcium the heart does not beat, though the 
electro-cardiogram shows that the metabolic changes 
still continue. 

Calcium has accordingly been used as a heart tonic 
iQ pneumonia; but it has not been an invariable success, 
and has sometimes been followed by thrombosis— not 
an uncommon accident in this disease. It is, indeed, a 
two-edged sword in the treatment of circulatory failure, 
because of its liability to provoke cbtting. 

Caldom Salts and Metabolism of Bone. — ^Defidency 
of lime in the food affects the young more than adults, 
since the former regnire more for the forming of the 
skeleton. Pnppies fed on a diet poor in caldum suffer 
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deficient growth of the bones. Pigeons thns 
dided exhibit fragility and atrophy of the bones. 
Lime st^ation, however, merely oaoses an imitation 
of rickets, beoaose the bone cells, though still ready 
to deposik calcipm, cannot obtain it. 

^9 Pnerne rai State.>-The drainage of 
into the blood and its passage into the foetus 
during ptegnanc^ have already been referred to. 
Coagulation time is consequently reduced. A.s Blair 
Bell suggests, the cessation of the periods may be a 
factor in keeping the calcium content of the blood high 
at this time. Winckel finds that the blood then has 
a somewhat diminished alkalinity, which would enable 
it to hold a larger amount of calcium in solution. 

Immediately after delivery blood clots rather more 
quickly than normal. As suckling begins, coagulation 
becomes perceptibly slower from the drainage of 
cfdoium salts into the milk. Hingston Fox suggests 
that observation of the coagulation time of the blood 
after delivery might give timely warning of the risk of 
tiirombosis or embolism if it were quick, or of post- 
partum heemorrhage if it were slow. Appropriate 
treatment, with citric acid on the one hand, or with 
calcium lactate on the other, might help to rectify 
this. 

Eclampsia has also been referred to a drainage of 
calcium salts from the mother to the foetus, but prob- 
ably *on inadequate grounds. 

Other Bfleoti d Oaldum Salts.— Deficiency of 
calcium salts in the saliva may be a factor in dental 
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oariee. Xlifi? noBtJkbandaDt m the parotid Boliva, 
i ^ence th e hack teeth are apt to decay first in such 
cases. 

Many of the other therapentioal apptioatioitt of 
calciom salts depend either on their physical st&te — 
as, for instance, the use of chgl^ as ah astritijl^lih’^l^ 
on their alkalinity, and do not, therefore, conenn 
us here. The nsefolness of a decalcifying agent in 
oxaluria has already been explained. 

The Allied Metals, Barium and Strontiam.— Barium 
is the most poisonous metal of the group. It is very 
slowly absorbed from the bowel, and may excite vomit- 
mg and purging, with very active peristalsis. It is 
Ippapable of replacing calcium in its relations to living 
matter, and is not nearly so efficient in maintaining 
the rhythm of the excised heart. According to some 
observers* it can replace calciom to a limited extent 
in the coagulation of the blood. It has been used 
principally for its effect on the cardio- vascular system. 
The .waters of Llangammarch Wells owe their reputa- 
tion in the treatment of heart disease largely to the 
barium they contain. Like digitalis, barium causes 
the frog’s heart to beat more slowly, but more strongly, 
and it produces a rise of blood-pressure by constriction 
of the bloodvessels. The use of the insoluble and 
igpct-harioip sulphate in X-ray examination is more 
esonpmical than bismuth, and almost as effective, 
but is based on purely ^ysical considerations. 

t^tfpptinm ig the least poisonous of the three, being 
comparatively inert, even when injected directly into 
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the blood. Like the others, it is absorbed fkvly 
from the boweL It can replace oalciun more or less 
perfectly in its influence on the heart-beat. It has 
been used chiefly for its anion, in the form of strontium 
bromide, for epilepsy; but, as it is absorbed so much 
more slowly than the corresponding salts of sodium 
or potassium, it is usually less satisfactory for this 
purpose. 

Antagonlim of Caldum to Magnesium.— Although 
magnesium salts, like calcium salts, according to 
Wright, can exalt the coagulability of the blood in 
appropriate doses, these two metals are generally 
antagonistic in their effect on the tissues. Meltzer 
and Auer showed that the intracerebral instillation of 
two or three drops of a solution of magnesium sulphate 
produced a peculiar paralysis in rabbits, while injec- 
tion of other salts was either indifferent dr caused 
^convulsions. The subcutaneous or intravenous injeo- 
^tion of magnesium salts caused a general ansssthesia 
]with paralysis, in which the reflexes were abolished 
<and the blood-pressure was lowered. With a danger- 
ously large dose, respiration ceased, the heart usually 
continuing to beat for some time longer. But as long 
as there were some efficient heart-beats and a few 
respiratory gasps, the intravenous injection of a cal- 
cium salt, such as the chloride or the acetate, infallibly 
improved the respiration at once, and quickly revived 
the animal. 

Magnesium favours inhibitory proceeiesin the body, 
and in this it is definitely antagonised by caldum. 
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lin tiefttment ot tetinus. It oan have no action on 
[the toxin, bat by controlling the apasms it keeps np 
the patient's strength, and gives him time to form his 
own antitoxin. The results have been encouraging. 
Most of the recorded oases have been treated by sub- 
arachnoid injections, but Peter Paterson {Lancett 1910, 
vol. i., p. 922)> has reported a successful example of 
its subcutaneous use. At first 10 c.o. of arlO per cent, 
sterilized solution of magnesium sulphate were injected 
every four hours for two days ; later 20 o.o. were 
similarly injected for four days. The great objection 
to the method is the pain produced by the injections, 
but probably this could be mitigated by using larger 
quantities of a more dilute solution. 



PRINCIPAL REFERENCES 


CHAPTER I 

Organo-iherapy 

Disoussiom on the Therapeutical Value of Hormones, Prooeedings 
of the B^al Society of Medicine, Therapeutical Section, 
1914, yob yii., p. 23; On the Present Position of Organo- 
therapy, ibid., 1923, yol. zyi., p. 9. 

Lanodon Bbown : The Principles of Internal Secretion, British 
Medical Journal, 1920, yol. ii., p. 687. Endocrinology, 
Wright's Annual, 1922, p. 122. Minor Endocrine Dis- 
turbances, British Medical Journal, December 8, 1923. 

Practitioner: Special numbers on Internal Secretion, January 
and February, 1915. 

STARUNa: Croonian Lectures, Royal College of Physicians. 
Lancet, 1905, yol. ii., pp. 339, 423, 501, 679. 

SwAU Vinobnt: Internal Secretion and the Ductless Glands. 
Arnold, 1912. 


Thyroid Gland 

MgGabbison, R.: The Thyroid Gland in Health and Disease. 
London, 1917. 

Mubbat, G. R.: British Medical Journal, 1920, yol. ii., p. 588. 
London, 1917. 

WiLUAMS, Lbonabd: Adenoids, Nocturnal Enuresis, and the 
Thyroid Gland. 

The Paralhyroldf 

Clabk, G. H.: The Parathyroids, Glasgow Medical Journal, 
1920, October, p. 193. 

Fobsyth: Quarterly Journal of Medicine, yol. i., pp. 150, 287. 
Howland and Marbiott: Quarterly Journal of Medicine, 1918, 
yol. zi., p. 289. 



PRINCIPAL REFERENCES 467 

Noil Paton and Findlit: Quartorly Jbomal of Experimental 
Medioinei 1016, vol. z, ^ 

Vinks, H. W. C.: New York Medioal Joiftoaf; ozrii., p. 412, 
April 4, 1023; British Medioal Jonmali^MoTember 10, 1023. 

Ibo Snprarona&i 

Elliott, T. R.: Journal of Physiology, vol. zzzii., p. 401. 

Lanolit, J. N.: Journal of Physiology, vol. zzvii., p. 237. 

SoHAvm ; Lancet, 1008, vol. i., pp. 1631, 1606. 

Pituitary Body 

Cushing: The Pituitary Body and its Disorders* Lippincott, 

1012. 

Goxtsoh: The Pituitary Body — a Critical Review, Quarterly 
Journal of Medicine, 1014, vol. vii., p. 173. 

Tikbnkt, Endocrinology, 1023, vol. vii., p. 636. 

Thymus 

Dudobon, L. S.: Transactions of the Pathological Society, 
vol. Iv., p. 161. 

HBNDKBfijpN: Journal of Physiology, vol. zxzi., p. 222. 

Paton and Goodall: Journal of Physiology, vol. zxzi., p. 40. 


CHAPTER II 

Gastrio Disorders 

Hubst, a. F.: The Sensibility of the Alimentary Canal. Oxford 
Medical Publications, 1011. 

Pavloit: The Work of the Digestive Glands. Translated by 
W. H. Thompson. 2nd edition. Griffin and Co., 1010. 

Stabunq: Recent Advances in the Physiology of Digestion, 
1006. 

Adhloriiydrla and Hyperohlorhydrla 

Bnnnitt, T. I.: Guy’s Ho^ital Reports, 1022, #p. 243. 

Bbnnbtt and Dodds: International Journal of Gastro-Enter- 
ology, August, 1021. Journal of Physiology, 1021, vol. Iv., 
p. 881. British Medioal Journal, January 7, 1022. 



458 PHYSIOLOGICAL PBIHClPLES 


BB 04 DBai)T, W.: liNioet, 1904, toI. L, p. 867. 

IfooBi, F. Cbatsi: The Pnctitioner'i EwTolopedie of lledioel 
Treatment, edited by Langdon Brown and Keogh Hntphy, 
p. 280. Oxford Medioal Fnblioatione. 

Bobibts, Sib W.: Diet and Digeetion. Smith, Blder and GOw 
1891. 

WiLLOox: Lanoet, 1006, toI. i., p. 1666; ibid,, 1006, Tol. ii., 

p. 220. 

WiuUMS, Lbovabd: Minor Maladjee. Baillihre, Tindall and 
Cox. 

Beotal Feeding, eto. 

HABXBMAinr: Lanoet, 1006, vol. &., p. 26. 

Lambeiit: The Lenharte Treatment of Oaetrio Ulcer. Amerioan 
Journal of the Hodkal Soienoee, January, 1908 , toI. oxxxt., 
p. 18. 

LANonoH Bbown: Prooeedinge of the Royal Society of Hedioine, 
Therapeutical Section, 1911, p. 63. 

Bbnslb Sbobt Aim Btwatbbb: Britiah Medical Journal, 1013, 
Tol. i., p. 1361. 

Shabxbt: lAuioet, 1006, toI. ii., p. 1263. 

Spbioos: Proceedings of the Royal Society of Medicine, Thera- 
peutical Section, vol. ii., p. 81. 


CHAPTER m 

Hedmloal FAoton In Indlgeition 
Cambbob H. G.: Britiah Medical Journal, 1908. toL L, p. 140. 
Camboh, W. B.: The Mechanical Factors of Digestion. Arnold, 
1911. 

Hcbbt, A. F.: Proceedings of the Royal Society of Medicine, 
Surgical Section, 1913, rol. vi., p. 166. 

JoBDAV, A. G.: Ghronio Intestinal Stasis. Oxford Medical 
Pablicatioiia,^0S3. , 

Labb, Sib Abbutbhob: Inncet, 1012, vol. ii, p. 1706. 
Patbbbob, H. J.: Lancet, 1007, vol. ii., p. 186. 

Paiob, B. F.i Lancet, 1004, toL U., p. 367. 



PRINCIPE REFERENCES 


469 


PormoH, Hioonrs Ain> Bbthoni: IkuuMtionB of the lledioel 
Society, 1924, Juuiaiy 28. 

Raxot, R. a.: Tnumotiona of the Hedioal Society, 1019, 
Tol. xliL, p. 125. 

Snix.: Lancet, 1005, vol. L. p. 632; Tmiaaotiona of the Patho- 
logical Society, Tol. I., p. 86. 

Wauoh: Britiah Jonmal of Suigeiy, 1919-20, vol. vii., p. 343. 


CHAPTER IV 

The WoA ol the PanoeM 

Batum asd Stabuho: Pioceedinga of Rt^al Society, 1902, 
Tol. Ixix., p. 352; Croonian Lecture, Royal Society, 1004; 
Journal of Physiology, 1002, toI. xxviii., p. 325; 1003, 
▼ol. xzx., p. 61 ; 1005, vol. xxxii., p. 129. 

Btboh Bkahwxll: Clinical Studies, 1904, vol. ii., part !▼., p. 348. 

Cauiidox: Clinical Journal, April 1, 1008, p. 302. Proceedings 
of the Royal Society of Medicine, vol. xv., 1922, Urological 
Seotjon, p. 37. 

Mato Robsom: Hunterian Lectures, Lancet, 1004, toI. i., 
pp. 773, 845, 911. 

Mato Robsox axd CAmanoB: Suigeiy and Pathology of the 
Paaoteas. Saunders, 19(M. 

On>, E. L.: Disease of the Pancreas. Philadelphia, 1903. 

Sladdbh, a. F. S.: Quarterly Journal of Medicine, 1014, tM. tU., 
p.455. 


CHAPTER ▼ 

The Work of the Lhrer 

Oximms, H. E.: Lancet, 1923, vol. i., p. 270. 

Habbibov abd LAWBJOroB: British Medical Joomal, 1923, Tot. i. 
p. 317. • 

Ltox: Amssican Journal of Medical Science. Philadelphia, 
1922, Tol. clxiii., pp. 60. 223. 



460 PHYSIOLOGICAL PRINCIPLES 


Maolkan and db Wbbsblow: Qtarterly Journal of Medioine, 
1921, vol. xiv., p. 103. 

MoNbb, J. W.: Quarterly Journal of Medicine, vol. ay!., p. 390. 

Medical Research CouncU's Report on Salvarsan, No. 2. 

Roujbston, H. D., and others: British Medical Journal, 1922, 
vol. ii. p. 1065. St. Bartholomew’s Hospital Reports, 1923, 
vol. Ivi., part i., p. 36. 

Van din Bbbgh: Presse MMicale, Paris, 1921, vd. zziz., 
pp. 441-448. 

Widal: Presse MMicale, Paris, 1920, vol. zzviii., p. 890; 1921, 
vol. zziz., p. 121. 


CHAPTER VI 

Urio Add and the Purln Bodies 

Kinnaway, E. L.: Journal of Physiology, vol. zzzviii., p. 1. 

Llbwbllyn, L. J.: Gout. Heinemann, 1920. 

Maolbod: Recent Advances in Physiology and Bio-Chemistry, 
edited by Leonard Hill, p. 387. Arnold. 

Plihmbb, Digs, and Libb: Journal of Physiology, vol. zzziz. 
p.98. 

Walkbb Hall: Purin Bodies. Shenratt and Hughes, 1903; 
Quarterly Journal of Medioine, 1913, vol. vii., p. 29. 

CHAPTER Vn 

Ozalnria 

Maguibb: Proceedings of the Royal Society of Medioine, Medical 
Section, vol. iii., p. 1. 

Moorb, Bbnjahin : British Medical Journal, 191 1 , vol. i., p. 737. 

Von Noobdbn: Metabolism and Practical Medioine, vol. iii., 
p. 1040. Heinemann. 


Phosdifttiirla 

Ralfb: Clifford Allbutt and RoUeston’s S|yatem of Medicine, 
vol. iii., p. 228. 

Von Noobdbn: Metabolism and Practical Medioine, vol. iii., 
p. 1065. 



PRINCIPAL REFERENCES 


461 


OyiBniirift 

Gabbod, a. E.: Inborn Errors of Metabolism. Oifford Medical 
Publications. 2nd editiont 1 923. 

CHAPTER Vra 

Albomiiraria and Nephrltli 

Chzttbndbn: Physiological Economy in Nutrition. New York, 
1904. 

Dukes: Lancet, 1907, vol. ii., p. 514. 

Lanodon Bbown: Proceedings of the Royal Society of Medicine, 
Therapeutical Section, 1910, vol. iii., p. 138. Urological 
Section, 1923, vol. zvi., p. 19. 

Von Noobdbn: Metabolism and Practical Bfedioino, vol. ii., 
p. 433. 

Wkight, Sib A. E., and Ross, 0. W.: Lancet, 1905, vol. ii., 
p.1164. 


CHAPTER IX 

Olyooinria and Diabetes 

AIiLBN, F. M.: American Journal of Medical Science, 1915, vol. cl., 
p. 480; Studies concerning Glycosuria and Diabetes. Harvard 
University Press, 1913. Journal of Metabolic Research, 
1922, vol. i., parts i. and ii. 

Bantino and Best, M. J.: Medical Journal of the Canadian 
Association, March, 1922; Transactions of the Royal Society 
of Canada, 1922, vol. zvi., Section V. 

Camiiidoe: G^oosuria and Allied Conditions. Arnold, 1913. 

Discussion on Treatment of Diabetes Mellitus by Alimentary Rest, 
Proceedings of the Royal Society of Medicine, 1916, vol. iz., 
part iii. Therapeutical and Pharmacological Section, p. 63. 

DiscussloD on Insulin, British Medical Journal, 1923, vol. ii., 
p.445. 

Gabbod: Quarterly Jourdal of Medicine, vol. ii., p. 438; Lett- 
somian Lectures on Glycosuria, Lancet, February 24, March 2 
and 9, 1912. 



462 PHYSIOLOGICAL PRINCIPLES 


O&AHAMi 0.: Quarterly Journal of Medioiiie» 1917i vol. z.. 
p. 245; Journal of Phyiiology, 1015. vol zliz.; Prooeedingi 
of Physiologioal Society, 1915-16, vol 1., p. 285. The 
Pathology and Treatment of Diabetes MeOitoB, Ozford 
Uedioal Publications, 1923. 

Lavodov Bbowv: The Sympathetic Neirous System in Disease. 
2nd edition. Ozfoid Medical Publications, 1922. 

McLeod, J. J. B.: Diabetes. Arnold, 1913. British Medical 
Joumab 1922, Tol. ii., p. 833. 

Pate: Clinical Journal, Noyember 13, 1907, p. 78. 

Bose Bradwobd: Practitioner, 1907, toI. Izziz., p. 13. 

StctabtHabt: Medical Record, 1007, vol. Izzii., p. 518. 

Von Noosdbn: New Aspects of Diabetes, 1912; Transactions 
of the Seyenteenth International Congress of Medicine 
section yi., part i., p. 237. 


CHAPTER X 

Ketoita and Aoidflcmla 

Bainbbidob: Arris and Gale Lecture on Aoid Intoxication, 
Lancet, 1008, vol. i., p. 911. 

Baldwin: American Journal of the Medical Sciences, 1905, 
vol. ozxx., p. 649. 

Battt Shaw and Tbibb: British Medical Journal, 1005, yd. i., 
p. 347 (which see for bibliography of recurrent yomiting in 
children). 

Beddabd: Lancet, 1908, vol. i., p. 782. 

Bbddabd, PmcBBETr AND Spbioos: Joumal of Physiology, 
yd. zzzi. ; Proceedings of the Physiologioal Society, June 18, 
1004. 

Cabmtchabl and Bbattib: Lancet, 1005, yd. ii., p. 437. 

Fbbw: Proceedings of the Royal Society of Medicine, Section of 
AnaBsihetics, 1012, yol. y., p. 00. 

Gdthbie: Lancet, 1804, yd. i., pp. 103 and 257; 1903, yd. ii., 
p. 10; 1905, yd. ii., p. 583. 

Hubtlet: Quarterly Journal of Medicine, 1015-16, yoL iz., 
p. 301* 



PRINCIPAL REFERENCES 


463 


LiATRis: Pnblems in Animal Metabolism» pp- 90. 109. 119; 
Aoidoais in Pregnancy. Proceedings of the Royal Society of 
Medicine, 1906. 

Medical Research Council Reports. The Aoid-Baso Rqailihrinm 
of the Blood. 1923. 

PovLTon. B. P.: Lancet, 1918, vol. i., pp. 863. 890. 

TiuoHD AVD Falookbb: Lancet, 1906, toI. ii., pp. 1341 
(which see for hihliography of delayed chlorofomi'poiaon- 
ing). 

Von Noononn amd Moan: Dieordeis of Metabolism snd Nutri- 
tion, part iv.. Acid Auto-intoxication. Wright. 

WnmiDOB WiLUAHs: Lancet, 1906, toI. ii., p. 1172. 


CHAPTER XT 

InteBtinal Intoiieatioiii 

Disoiurioii on Alimentary Toxsmia, ProoeedingB of Boyd Society 
of Medicine, yoI. vi.. Supplement. 

OARBODi.TranBaotionB of the Pathological Society, 1904, voL !▼., 
p. 142; Quarterly Journal of Medicine, vol. i., p. 207. 
Gibson, G. A.: Quarterly Journal of Medicine, vol. i., p. 20. 
Gublpa: La M4thode Guelpa. Paris, 1 01 3. 

Hamilton: Aberdeen UniTersity Studies, 1000, No. 21, p. 1. 
Hbbtbb: New York Medical Journal, 1803, vol. Izviii., pp. 80, 
116. Common Bacterial Infections of the Digestive Tract, 
Macmillan, 1007. 

Mbtohnikoit: The Prolongation of Life. Heinemann. 

Tatlob, a. E.: Osier and MoCrae’s System of Medicine, 2nd 
edition, vol. ii., p. 603. Oxford Meuical Publications, 
1916. 

WaIsUS Mackbnbib, B. L.: Quarterly Journal of Medicine, 1013, 
voL vii., p. 73. 

Wblub: ChemioAl Pathology, pp. 167 and 404. Saunders, 1007. 
Wbst and Wood CLABurLancet, 1007, yoI. i., p. 272. 

Wood Glabxi and Hubtlby: Journal of Physiology, toI. zzztL. 

p. 62. 



464 PHYSIOLOGICAL PRINCIPLES 


CHAPTER XII 

Irresnlar Action ot tlie Heart 

AecHorr: British Medical Journal, 1006, vol. ii., p. 1103. 

Cablson: Amoricaii Journal of Physiology, vols. zil., ziii., ziv.^ 
XV., xvL 

Cowan, MoLnon, and Patirson: Quarterly Journal of Medicine, 
vol. iii., p. 116. 

Discussion on Quinidine, Proceedings of the Royal Society of 
Medicine, Therapeutical Section, 1923, vol. xvi., p. 26. 

Eblanosb: Journal of Experimental Medicine, 1900, vol. viii., 
p. 8; British Medical Journal, 1900, vol. ii., p. 1111. 

Frasxr, F. R.: St. Bartholomew's Hospital Reports, 1924, 
vol. Ivii., part i., p. 22. 

Oaskxll: SchUer’s Physiology, vol. ii., p. 169. 

Gibson, A. 0.; Quarterly Journal of Medicine, vol. i., pp. 173. 
182. 

Gibson, 0. A.: British Medical Journal, 1906, vol. ii., p. 1113. 

Hbbino: PflCger’s Archiv, Bd. cxvi., p. 143. 

Kbith and Flaox: Journal of Anatomy and Physiology, vol. xli., 
p. 172. 

Kbith and Maokbnzib: Lancet, 1910, vol. i., p. 101. 

Keith and Millbb: Lancet, 1906, vol. ii., p. 1429. 

Lewis, Thomas: Clinical Disorders of the Heart- Beat, 3rd 
edition, London, 1916; The Soldier's Heart and the Effort 
Syndrome. London, 1918. 

Maokbnzib, Sir Jambs: The Study of the Pulse, Pentland, 
1902; British Medical Journal, 1906, vol. iii., p. 1017; 
Diseases of the Heart, Oxford Medical PubUcations, 
3rd edition, 1913. 

Rohdb: Arch. fQr Experimentelle Pathologie und Pharmacologie, 
1906, vol. Ixiv., p. 104. 

Soumoll: Deutsch Arch. f. Klin. Med., 1900, Bd. Ixxxvii., 
p. 664. 

Staeung, E. H.: Linaore Lecture on the Law of the Heart. 
Longmans, 1918. ^ 

Stbnqel: American Journal of Medical Soienoes, 1906, vol. 
0ZXZ.9 p. 1083. 



PRINCIPAL REFERENCES 


46S 


GHAPTBB zm 

Iha Vaiomotor Sfitom in DtoetM 

Bbodii akd Diion; Journal of Physiologj* toL zxx.» p. 476. 

CuNOBD Allbott: Britifh Medioal Journal, 1900, toI. ii., 
p. 1004. 

Cushing: Johns Hopkins Hospital Bulletin, vol. xii.. No. 120, 
p. 200, September, 1001. 

Discussion on Shook, Proceedings of Royal Society of Medicine, 
1910, vol. xii., p. 1. 

Dixon: Proceedings of the Royal Society of Medicine, vol. i., 
Therapeutical and Pharmalocolgioal Section, p. 33. 

Oaskbll: Journal of Physiology, vol. iii., p. 02. 

Hill, Lbonabd: The Physiology and Pathology of the Cerebral 
Circulation. Churchill, 1806. 

Janbwat: Clinical Study of Blood-Pressure. Appletons, 1904. 

MumiXBT, Lockhabt: Lancet, 1005, vol. i., pp. 000, 776, 840. 

Mobbis, G. W.: Blood Pressure: its Clinical Applications, 3rd 
edition, 1017. Philadelphia and New York, Lea and 
Febiger. 

Olivbb, Q.: Medical Press and Circular, February 2, 1910, p. 100. 

Russxll, W.: Arterial Hypertonus, Sclerosis, and Blood- 
Pressure. Green, 1007. 

Savill, T. D.; Transactions of the Pathological Society, 1004, 
vol. Iv., p. 376. 

Williams, Lbonabd: Clinioal Journal, October 2, 1007, p. 306; 

January 8, 1008, p. 107; Lancet, 1007, vol. ii., p. 1606; 
The Hospital, December 14, 1007. 

CHAPTER ZIV 

On Cyanosis and D jspncsa 

Hill, A. V., and Habtlbt Lxtvton: Quarterly Journal of 
Medicine, vol. avl., p. 135. 

Lundsgaabd and Van Sl^b; Medicine, vol. ii., February, 1023, 
p. 1. Baltimore. Also published the same Journal as 
a monograph. 

Lnwis, I'HOMAS: British Medical Journal, 1013, voL iL, p. 1417. 

10 



466 PHYSIOLOGICAL PRINCIPLES 


MamirB: Britiah HedioalJonnul, June 23, 1923. 

Mousoir: Practitioner, toI. xl., pp. 101, 170. 

OsLU: American Journal of the Medical Sciences, 1003, toL 
ozxTi., p. 187; Lancet, 1908, toI. i., p. 143. 

Fabkxs Wibxb: Traneactions of the Royal Medical and Chirur- 
gical Society, 1906, Tol. Ixxxiii., pp. 101-223; Quarterly 
Journal of Medicine, vol. ii., p. 86. 

Sauxdbt ABO BiTsaiu: Lancet, 1902, vol. i., p. 616. 

CHAPTER XV 

The PtoUeini of Aittima 

Dbubt, E. G. D.: Medical .Toumal of S. Africa, 1921, vol. xvii. 
pp. 60, 74. 

Hubst: Lancet, 1921, vol. i., p. 1113. New Tork Medica 
Journal, March 16, 1922, p. 347. 

LAiTODOir Bbowh: Clinical Journal, July 7, 1920, vol. xlix., 
p.07. 


CHAFER XVI 

Vltamini and Oaldnm Metabolism 

Addis: Quarterly Journal of Medicine, vol. U., p. 149. 

Blaib Bbu: ^tish Medical Journal, 1007, vol., i., p. 021. 

Hopxurs, F. 0.: ftoceedinga of the Royal Society d Medicine, 
Therapeutical Section, 1013, vol. vii., p. 1. British Medical 
Journal, 1923, vol. ii., pp. 601, 748. 

Howbll: Textbook si Physiology, pp. 420, 620, 710. Saunders, 
1007. 

Medical Research Oonnoil Reports, Nos. 61, 71, and 77. 

Mblixbb aro Avib: 4in«pU«n Journal of Physiology, vol. xxi., 
p. 400. 

Potmton: Lancet, 1904, vol. ii., p. 433. 

Ross, Q. W.: Lancet, 1906, vd. i., p. 143. 

Wbus: Chemical Pathology, pp. 364-374. 

Wbiobt, Sib A. E., abd PABAHods, W. E.: Lancet, 1906, 
vol. ii., p. 1000. 



INDEX 

itfter a page number indiealee repeated references. 


ABDorniTAL binder. 362. 380. 

— oavity, Fluid in the. 186. 

— msBsago. 100. 102. 100. 110. 
123. 125. 120. 307. 

— musoles. 100. 121. 120*. 

_ pains. 120. 322. 327. 367. 

— pressure. 120. 

— support. 106. 111*. 120*. 336. 

— Terns. 170. 373. 

— vessels, Anninio. 382. 

— wall. 102. 103. 120. 

Abblmann on the pancreas. 142. 

144. 

Abbahams on the body’s resist- 
ance to disease. 3. 

Accelerator nerve 461. 

Acetates. 187. 244 246. 267. 313. 
464. 

Acetone. 81. 200. 283 et sqq. j 

— bodies hi urine. 140 220. 208. > 

200*. 284 et sqq. 303 ’ 

Acetonuria. 81*. 300*. 302 327. 

— of febrile conditions. 280*. 
Achlorhydria. 60. 04. 07 et sqq. 
Achondroplosios, 8. 

Achylia gostrica. 67. 60*. 

Acid, Abnormal. 200. 206. 207. 

304*. 408*. 

— alcohol. 140. 160. 

— , a-orotonio. 284. 

Amino-. 84. 166. 160*. 168. 
220. 427. 

— ^g-ozybutyrio. 284*. 286. 286. 

— . Bile. 166. 167. 168*. 300. 

— .CarboUo. 10.284. 316. 

— , Carbonic. {See Carbon 
diozide "). 

—.ChoUlio. 166*. 167.172. « 

— , Citric. 287. 303. 447*. 462. 

— , Diacetic. 81. 260*. 270. 283 et 
■qq.408. (i7esafso“ Diacetic'*). 

— ezoretion, 280 


(Acid). Fatty. 116. 138. 142. 146 
168*. 100*. 286. 287. 200*. 
312. 316*. 

— , Fized. 280. 

— fruit and urticaria. 448. 

— of gastric juice. 47. 67 et sqq. 
83 161. 

— , Glutario. 287. 

— . Olycuronio. 104. 166*. 264. 
2.66* 300. 

— , Homogentisic. 266. 

— , Hydrochloric. {See Hydro- 
chloric "). 

— , Hydrocyanic. 10. 71. 290. 

— injections. 200. {See also 
“ Injections "). 

— intoxication. 234 290. 204. 442. 
and vomiting in pregnancy. 

204. 

— ions in the blood. 216. 302. 
420*. 

— , Lactic. 288*. 316. 360. 408. 
I 420*. 440. 

! — , Nitric. 94*. 182*. 

— , Nitro-hydrochloric. 68. 188, 

( 210. 

; — , Non-volatile. 291. 

— . Oxalic. 209. 210*. 211*. 316. 

— phosphates. 214. 280. 202. 
420. m. 

— , Phosi^ric. 103. 216. 210*. 

— radicles. 280. 

— , Sulphuric. 164, 182. 264. 284. 
— , Tartaric. 287. 

— , Thyminio. 200*. 

— , Uric. {See “ Uric ”). 
Acidaunia. 113. 261*. 263 et sqq 
420. 421*. 422. 

— and diabetic coma. 200. 

I — , Treatment of. 299 et sqq. 
Acidity and digestion. 61. 04*. 

fresh fruit. 203. 

— • Potaasium citrate for. 203. 

467 



468 PHYSIOLOGICAL/BINCIPLES 


(Aolditj) and nloer. 109. 

— , Urinary. 214. 215. 

Aoidol. 68. 70. 106. 161. 

Aoidosii. 288 et aqq. 

— and ammonia. 168. 284 et aqq. 

anoMthetioa. 283. 207*. 298^. 

— , Diabetic. 3^*. 

coma and. 286. 201. 

— and fasting. 300. 306. 

— and ataryation. 286. 291. 206. 
296*. 306*. 

— in nromia. 291. 

vomiting. 283. 203. 304. 

Aconitine. 360. 

Acromegaly. 33*. 30*. 

— and glyooBuria. 33. 

hemianopsia. 35. 

Addis on the clotting of blood. 
446. 449. 

Addison on the snprarenala. 16. 
Addison's disease and adrenalin. 

18. 27etsqq. 309. 

Adenin. 190. 

Adlk on red and white meats. 

101 . 

Adrenalin. 3. 16 et sqa. 

— and Addison's oisease. 18. 
27 etsqq. 390. 

— in annsthcaia. 20 to 27. 32. 

anaphylactic shock. ^0. 

angina. 21. 

— and ascites. 24. 

asthma. 22. 37. 200. 426*. 

the bladder. 26. 

— — blood-pressure. 18*. 20*. 
21*. 22. 23. 20. 30. 

the blood-vessels. 18. 20* 

etsqq. 20. 20.384. 

— as a cardiac stimulant. 30. 

— and cerebral hemorrhage. 23. 
32. 

— — chloroform poisoning. 21. 

— dangers. 30. 

— doses. 19*. 21*. 22*. 24. 26. 
26. 29. 

— excess. 260. 

— eye-test. Loewi's. 140. 149. 260. 

— < and gastio-intestinal atony. 

20 . 

— in glaucoma. 25. 

— and glycosuria. 260. 262. 

— in hemophilia. 24. 


(Adrenalin) and hemop^is. 23* 
32. 

hemorrhage. 23*. 24. 

— in hemorrho^. 26. 

hay fever. 26. 

— and the heart. 20. 360. 

— in hiccough. 19. 

— injection. 420. 

— and internal medication. 17. 

intestinal hemorrhage. 10. 20 

nasal troubles. 25. S. 

— — opium poisoning. 21. 

peristalsis. 10. 20. 

pigmentation. 28. 

— — pituitrin. 22. 430. 

pleural effusion. 24. 

pneumonia. 22. 

poisoning. 22. 32. 

purpura. 24. 

the pyloric sphincter. 21. 

— secretion. 429. 

— and serous membranes. 24. 32. 
shock. 21. 

spinal anesthesia. 27. 

stovaine. 26. 

— in surgical applications. 26. 
syncope. 

— . Synthetic. 16. 

— . Takaiiini'b preparation, 16. 

— and toxemia. 21*. 

— ill typhoid fever. 21. 

urticaria. 429. 

— , Uses of. 19. 

— in uterine bleeding. 25. 

— and vaso-constriction. 18*. 20. 
23*. 29*. 30. 

— in vasomotor paralysis. 21. 

vomiting. 10. 32. 

Adrenals. 260*. 261. 

Afferent nerves. 378. 391. 

Air hunger. 160. 292. 

Albumen 160.168.206.224.228. 

230. 360. 

— and calcium oxalate crystals 
225. 

sugar. 270. 

urme. 212. 215. 222. 223*. 

225*. 226*. 227. 237. 242*. 
270. 381. 398. 400. 411. 
Albuminuria. 222 et sqq. 

— . Alimentary. 222. 

^ and bloodooaguUbility .225.226. 



460 



(Albambmilft) in Bright'i dkeue. 
231. 

— and onloinm laoUte. 220*. 227*. 
228. 

oialate oiyitalt. 225. 

lalti. 225.220*. 

— , CyoUo. 222. 

Diet in. 231 et sqq. 

-and digitalis. 228. 

ezerolse. 223. 

— , Fnnotional. 222 et sqq. 228. 
381. 308. 448. 

• Galoinm laotate in. 220 to 

228. 448. 

, Treatment of. 228. 

— and glyoosorla. 209. 308. 

— , Hamatonnous. 222. 220*. 

— and launoioe. 100. 

life insuranoe. 227. 228. 

— , Meohanioal. 222. 

— , Oiganio. 220*. 228 et sqq. 

— and oxalnria. 212. 

— , Postural. 222. 226*. 228. 

— and pregnancy. 11. 

■ protraa diet. 231 et sqq. 

— p Prognosis of. 220. 

— and vasomotor oontrol. 224. 
225*. 220. 381. 

Albumosuria. 210. 

Aloohol. 47. 03. 179. 182. 188. 

200. 229. 287. 328*. 

-p Amvl. 140. 100. 

— and olood-praMure. 300. 401. 
oarbohyorates. 301. 

— habit. 301. 

— and the heart. 370. 

AloohoUsm. 145. 320. 

— and its effect on the heart. 351. 
Alimentary albuminuria. 222. 

— oanal (tract). 5. 0*. 18*. 31. 
82. 03. 00. 00. 108. 120. 121. 120. 
180. 131. 143. 154*. 150. 200. 
807. 808*. 311. 313. 318. 310. 
881. 887. 889. 428. 

— glyeosiirla. 145*. 250. 204. 208. 

— laotosnrla. 250. 

— lavuloBuria. 250. 

— oxalates. 200*. 

-rest. 271.282. 301. 

Alkagen. 71. 

Al^bBnila. 280. 421*. 422. 
Alkalke and adrenalin. 20. 


(Alkalies) and bitten. 70. 
...oyitin. 221. 

— in Abates. 255. 202. 290. 

— and dlaoetio acid. 800. 

dyspncsa. 422. 

gastric Juice. 07*. 08*. 

nypennlorhydA. 71*. 152. 

Jaundice. 187. 

— p Time for administering. 70. 

— and uric acid. 207. 

vomiting. 300. 

Alkalinity, Titration. 03. 

— and the urine. 203. 288. 302*. 
Alkaptonuria. 150. 107. 255. 
Allbutt on high blood -pressure. 

403*. 

Allut. 140. 141. 250. 204. 200. 

267. 272. 273*. 276. 

Almond oil in dyspepsia. 72. 
Alveolar air. 279 202. 

— CO-. 50*. 202. 

— cells (alveoli). 141. 380. 300. 
400*. 432. 

— oxygen. 422. 

Alypin and adrenalin. 20. 
Amaurosis. 250. 

Ambabd on the kidneys. 220*. 
Amenorrhosa. 33. 430. 

Amine groups. 204. 310. 430. 
Amino-acids. 84. 155. 156*. 158. 
220. 427. 

Ammonia. 140. 158*. 170. 182. 
220. 234. 

— and acidosis. 158. 284 et sqq. 

the urine. 285. 302. 

Ammonio-magnesium phosphate. 

215. 

Ammonium hippurate. 400. 407. 

— sulphate in urine. 884. 

— sulphocyanide. 04. 

Amyl alcohol. 140. 100. 

— nitrite. 21*. 385. 388*. 400. 
Amylopsin. 70. 130*. 144. 148. 108. 
Anemia. 10. 318. 450. 

— p Cerebral. 225. 350. 380*. 383. 
384. 

-p Pomidoni. 00. 178. 180. 184. 
328. 

Anemic necrosis. 350. 

Anesthesia. 100. 118. 115. 870. 
420. 454. 

— and adrenalin. 20 to 27. 32. 



470 PHYSIOLOGICAL PRINCIPLES 


AuMthesine And olive oil. 188. 
AneethetioB and acidoBU. 283. 
297*. 298*. 

— — lymphatiBm. 42. 

— — pituitrin. 35. 

Anaphylaxifl. 43. 106. 427*. 429*. 

431 et sqq. 

Anasarca. 419. 

AneariBm. 30. 371. 449. 

— of the aorta. 375. 

Angina. 362. 356. 363. 364*. 406. 

— and adrenalin. 21. 
Angio-neurotio OBdema. 448. 
Anoxiemia. 288. 289*. 422. 
Antibodies. 4*. 13. 137. 

Antidromio impulses. 378. 
Antifebrin. 255. 

Antigens. 4. 

Antiperistalsis. 119*. 120*. 
Antiphlogistine. 172 
Antipyretio drugs. 406. 

Antipyrin. 255. 

Antirachitic factors and vitamins. 
437. 

Antiscorbutics. 437. 439. 440. 
Antisepsis, Intestinal. ^4. 331*. 
Antisvphilitio treatment for heart- 
block. 362. 

Antitoxic functions of the liver. 

104 et sqq. 308. 

Antitoxins. 13. 448. 455. 
Antitrypsin. 137. 

Aorta. 388. 401. 414. 415. 

— , Aneurism of the. 375. 

Aortic disease. 371. 389 

— regurgitation. 270. 390. 

— valves. 349. 373. 

Aperients. 122. 130. 186. 304. 

315. 332. 

— springs. 173. 

Aphasia. 218. 

Apoplectiform sehrares. 251. 
Apoplexy, Lumbar puncture in. 
387. 

— , Venesection in. 386. 
Appendioectomy. 131. 
Appendicitis. 02. 03. 100. 116. 

127. 131. 146. 

Appendkostomy. 335, 

Appendix, The. 125. 127. 130. 

167. 294. 305. 

, Dyspepsia of. 100. 


Appetite in dyspepsia. 45. 54. 57 

— for indigestible things. 04. 

— juice. 57. 69. 70. 

Arginine. 312. 

Argyrism. 72. 

Aromatic bodies. 81. 312*. 313 
316. 329. 

Arsenic. 106. 100. 308. 325. 434. 
Arterial blood. 383. 

— change in high blood-pressure. 
403. 

— degeneration. 9. 391. 401. 

— disease. 363. 

— pressure. 373. 383. 380*. 

— puncture. 423. 

— tension in albuminuria. 224 
398. 

insomnia 381. 

Arterio-sclerosis. 270. 354. 394 
401. 402. 403*. 404. 407. 

— and blood-pressure. 399. 

— classiOed. 403. 

Arterioles. 374. 392*. 

Arthntis, Chronic 256. 

Articular ligaments. Relaxation 

of the. 9. 

Ascitic fluid. 329. 

Aschoff on the heart. 359*. 
Ascites. 179. 

— and adrenalin. 24. 

Bright’s disease. 230. 

— of cirrhosis. 329. 

Asphyxia. 42. 234. 359. 376. 370. 

390. 429. 

— and glycosuria. 203. 

Aspirin. 153. 

Asthma. 424 et sqq. 

— and adrenalin, ta. 37. 260. 425*. 
belladonna. 484. 

— of the colon. 429. 

— and pituitrin. 37. 

—.Thymic. 42.430*. 

— , Urasmic. 250. 

— and uterine disease. 420. 430. 
Atonic dilatation. 103. 331. 
A^han (phenoqnin). 201*. 202*. 

At^ia of the pulmonary valves. 
415. 

Atropin. 20. 60. 100. 183. 347. 362. 
Auaaon magnesium sulphate. 454. 
Auirbaob' 8 plexus. 116. 



INDEX 


471 


Auricle. 339. 343*. 346* to 351. 

374. 394. 397. 414*. 416*. 
Auricular contraction. 342. 368. 
354*. 

— fibrillation. 346. 363* ot eqq. 

— flutter. 352. 353*. 364*. 

— murmur. 36^ 

— muscle. 339. 354*. 

— septum. 340. 415. 
Auriculo-temporal nerve. 377. 
A-uriculo - ventricular band , 

(“bundle"). 338. 339. 341*. , 
342*. 344. 346*. 347. 360. 351. I 
364. 365. 357. 359*. 301. 362. 
366*. 

, Changes due to inter- 
ference with the. 359. 

, Conductivity of the 357. 

node. 340. 

Auto-intozication, 120. 124. 
Auto-suggestion. 39. 40. 

Autolytio encymes. 264. 

— products. 156. 

Aiotomio nephritia. 230. 

Baooabihi on asthma. 426. 
Bacilluria. 294. 305. 

Bacillus aerogenescapsulatua 318* 

— aminophiTus. 294. 

— p Bulgarian. 92. 333*. 

— coli. 77. 220. 294. 311. 317*. 
319*. 820. 322*. 335 

— Gas-producing. 331. 
—.Nitrifying. 326. 326. 

— . Oppler-Boaa. 92. 

— putriflcus. 311. 317. 

— . Stiepto-. 333. 

Baihbudoi on nitrogenous out- 
put. 43. 

Baldwu, Hilu. 209. 210*. 211. 
294. 

Banti's disease. 178. 

BANTnrQ on Insulin. 141. 

Babcboit on acidaoia. 288. 291. 
Baboib. 316. 402. 

Barium. 453. 

— and bbod-ooagolatlon. 453. 

-salts. 397. • 

— sulphate and X rays. 60. 418. 
453. 

Babb, Sib Jamu. 24. 359. 

Bases, Hezone. 312. 


Bathing and albuminuria. 224 
Baths, for high blood -pressure. 405. 
—, Hot air. 247*. 

alkaline 188. 

Baum on adrenalin. 22. 

Bayuss. 116. 133 378. 

Bkacb on traumatic cyanosis. 418. 
Bbddabd. 43 300 
Boef tea. 70. 274* 276 
Bell, Blair 36 37 442 462 
Belladonna. 72 111 171.iTJ.434. 
Bkm edict's test for glycosuria. 
267. 

Benger’s food. 188. 

Bemnett, Isuu. 47 68. 69. 60. 
08. 

Benzene groups of the protein 
molecule 330. 

Bcnzo-naphthol 332. 

Benzol 413. 

Beri-beii and vitamins. 439*. 
Bebmard, Claude, on glyco 
suria. 201. 

Bernsteiii on the heart 338. 
Berry, James, on goitre. 14. 
/3-naphthol 332 

/3-oxybutyrio acid 284*. 285. 280 
Betaine chloride 08. 151. 
Beverages, Purin contents of. 
191. 

Bicarbonate of soda. 48. 08. 79*. 
80 87. 105. 114. 171. 202. 201. 
302*. 303* 304.306. 
Bioarbonatcs. 210. 288. 

Biczel on gaHtric secretion. 47. 
Bile acids. 106 107. 108* 309. 
cholesterol. 103. 166*. 182. 

— described 154. 

— and digestion. 168. 

— disinfectant. 187. 

— duct. 10. 143. 160. 170. 177. 
181. 182. 259. 

— and the duodenum. 170. 

— ezcretion. 180. 

— and fats. 146. 169. 

— functions. 166 et sqq. 

— from the gall-bladder. 175. 

— , Infected. 138*. 

— , Inspiasation of the. 173. 

— and the intestines. 160. 167. 
186 . 

I lecithin. 166. 182. 
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(Bile) end the Um. 109. 170*. 

mnoln. 160*. 

— , Normal. 138. 154. 

-ontBut. 167. 171. 172. 

— and panoreatio Booretion. 107. 

— paisagea. 142. 171. 

— pigment. 166. 160. 170. 174. 
176. 177*. 179*. 181*. 182. 
184*. 185*. 188. 318. 

and Ehbuoh' 8 dlaio n- 

aetion. 175. 

, Gmiun’s test for. 182*. 

— and pneumonia. 185*. 

— and protein. 107. 108. 

— , Reduced. 172. 

-salts. 145. 160. 167. 168*. 
169. 181*. 182*. 183*. 184*. 
180. 188. 221. 

and thyroid treatment. 10*. 

11. 

— aeoretion. 100 et sqq. 

-soan. 108. 109. 

— andaodluji glyoooholate. 100. 
tauroonolate. 160. 

— stagnation. 168. 

— and the urine. 10. 11. 177. 178. 
179. 181*. 182*. 

— in vomiting. 293, 

Biliary ooUo. 101. 

— oyole, Sohiff's. 109. 

— fistula. 169. 172. 185. 

— obstruction. 100. 170*. 

— passages, Diseases of the. 116. 
143.294. 

— system. 171*. 

Bilious attacks. 292. 302. 304. 
305. 317. 

Biliousness. 293. 400. 

Dilinibin. 100. 175*. 170*. 177. 

178. 180. 184. 185. 326. 

Biliuria. 178. 

BiUverdin. 160. 175. 170. 
Bioohemioal apparatus. 4. 

Biscuits. 105. 173. 209. 317. 

— , Ralari. 280. 

Bismuth. 71. 85*. 

— : llq. Um. hytotis. 71. 

— loienge. 71. to. 

— aalio^to. 187. 

— shadow. 127. 

— and X-rays. 50*. 104. 107. 453. 
Bittare. 50. 57. 70. 


Bladder. The. 25. 239. 

and earthy phosphates. 215. 

. Emptying of. 380. 385. 

427. 

and pituitrin. 35. 

. Staraybooooal^infeotions of. 

216. 

Bleeding. 19. 23. 394. 413. 449. 

(8u Mso " Hnmorrhage *'). 
BLOOHManr on intestinal stasis. 
123. 

Blood, Abnormal acids In the. 
408*. 

— Aeration deficiency in the. 
408. 410. 

— , Alkaline. 136. 289. 291. 306. 
421. 422. 462. 

— , Bactericidal properties of the. 
308. 319. 

— , Bacteriolytic. 321. 

— and bioarbonates. 288. 302. 

bile. 14. 15. 175 to 170. 182. 

— , Capillary. 408, 

— , Cholesterol in the. 103. 

— clotting. 177*. 213. 367. 388. 
441. 443. 444. 440. 447. 448. 
449. 451. 462. 

— coagulability. 105. 453. 454. 

— , Composition of the. <220. 

— and concentration. 229*. 419. 

— count. 419. 

— culture. 335. 

— deoalciflcation. 440. 447. 

— destruction. 174. 176. 177. 

— , Diastase in the. 147. 100. 101. 

— examination. 140. 158. 

— , Extravasation of. 419. 

— . Heart’s, and bacilli. 318. 320. 
— , Ions in the. 69*. 01. 251*. 290. 
302. 420*. 

— and ketosis. 284 et sqq. 

— losses. 06. 

— , Nitrites in the. 324. 

— • Occult. 06. 

— and oxygen. 409. 410*. 413. 
422*. 

— pigment and bile pigment. 177. 
.-.-•olphur. 327. 

— , Antal. SO*. SO. 

— preasuie. 391 et sqq. 

and adienalin. 18*. 20*. 

21*. 22. 23, 29. 30. 
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(Blood-praion) tad allmminiirlab 
228. 374. 808. 

arterio-iolerosis. 309. 

, Cmbnl. 383. 384. 

httmoirhaffo and. 385 to 

388. 

» Glinioal value of obierva. 

tiomon. 160.161. 304. 

and diamines. 316. 

in diseaee. 394. 

and elastioity of vessel wall 

301. 303. 

, Bitimaiing. 395. 

, Fall of. 165. 378. 370. 

300. 301. 398. 309. 454. 

in hoalth. 394. 

and heart-faiinre. 306. 

. High. 30. 35. 380. 302. 303. 

307. 3^ et sqq. 

1 and alcohol. 390. 401. 

• Aorta compression in. 

401*. 

—I Arterial changes in. 401. 

403. 

and bowel evacuation. 

401. 

, — cardiac action. 30 et 

sqq. 362. 365. 366. 301*. 

, — hypertrophy. 402*. 

403. 

diastolic. 305. 

.Diet in. 404. 405. 

1 and drugs. 401. 

.Fall of. 406*. 407. 

. and meat. 401. 

. Mechanical effects of. 30. 

, and muscular hyper- 
trophy. 402. 

nephritis. 402. 

oxygen. 401. 

— ^ FOripheral ffeld in. 404, 

resistanoe in. 402. 

.and perverted metabol- 
ism. 402. 

, Plombi^res douches in. 

405. 



Fotam. iod. in. 405. 
Prs-solerotio stage In. 


and pulsus altemans. 863. 

Rise of, 400. 


(Blood pressure, High), Smoking 
and its effects on. 401. 

— . Splanchnic area in. 402. 

, Structural change In. 401. 

systolic. 305. 

Treatment of. 404 et sqq. 

, Increased. 400-1. 

and insomnia. 380. 

intracranial preunre. 383. 

384*. 386*. 387*. 

tension. 385*. 

in later life. 403. 

and the liver. 165. 

, Low. 21. 35. 36. 183*. 

diastolic. 305. 

and lumbar puncture. 387*. 

, Mean. 303. 

and nephritis. 308. 

, Osmotic. 230*. 244. 

and peripheral resistance. 

301. 

pituitrin. 34. 

— — record, Value of. 304. 

— — reduction. 385. 386. 387. 
, Regulation of. 376. 

, Rise of. 243. 270. 316. 350. 

365. 360. 376. 378*. 370. 383. 
386. 390*. 302. 898. 390*. 401. 
402*. 453. 

and tobacco. 401*. 

volume of oliculating 

blood. 301. 393 et sqq. 

— serum. 137. 178. 230. 

, Cobur reactbn of. 175* to 

177. 170. 

, Wasseimann’s test upon. 

85. 182. 862. 434. 

— in the stoob. 321. 322. 

— stream. 320*. 330. 

— sugar. 142. 159. 266*. 

, Mobilisation of. 266. 

— supply of the brain. 370. 381. 
383 et sqo . 

heart. 300 et sqq. 

lungs. 388 et sqo. 

, Regubtion of the. Wl. 

— , Unaerated. 422. 

—urea. 158. 237 et sqq. 

— and uric add. 107. 108. 

the urine. 220. 270. 

— vesseb. 20* et sqq. 26. 27. 
385*. 
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(BloodTMBeli) and adrenalin. 20* 
et iqq. 20. 

— , VisooBity of the. 411. 412*. 
413. 

— volame. Diminution of. 318. 

— in vomiting. 203. 

Boas' reagent. 66. 

Body fat 138. 

— , Inhibitory prooesMS in the. 
464. 466. 

— and oxalic acid. 21 1. 

— resistance to disease. 3. 

— temperature and pituitrin. 33. 
Bolton. 63. 100. 

Bono marrow. 174 413. 

— softening and thymus removal. 
443. 

Bosch on thymus removal. 443. 
Bossi on suprarenal extract. 442. 
Bowel(B). 248. 303. 

Aseutio. 332. 

— and Wium. 463. 

bile. 106 et iqq. 

calcium excretion. 442. 

carbohydrates. 77*. 

— contents and peristalsis. 127. 

— and defsBcation. 121. 311. 

— evacuation and blood-pressure. 
401. 406. 

— and fats. 70. 

— irrigation. 76. 77. 317. 

— irritation. 128. 306. 

— , L^. no*. 130. 312. 317. 
331. 

— , Lower. 306. 

Nervous mechanism of the. 116. 
^ and nitrogenous output. 81. 

peristusis. 127. 167. 

-.Small. 118. 

— and strontiam. 464. 

— tq^eranoe. 80. 

— and toxic substances. 328. 
Boycott upon cyanosis. 413. 
Boyd. 76. 77*. 

Bbacoi on thymus removal. 443. 
Bhadfobd. Sir J. R.. 43. 269. 
Bradycardia. 183*. 186. 361. 
Brain. Annmia of tlw. 360. 

— . Blood supply of the. 379 381. 
383 et sqq. 

— • Oompression of the. 386. 

-r eztnmt. 2. 


(Brain) fag.'* 217. 

— and the vasomotor system 
383 et sqq. 

Bbamwrll, Bybom. 9. 134. 
Branchial clefts. 41. 

Bread. 173 238*. 240*. 241*. 248 
279*. 280*. 

— t Brown. 430. 

— . Diabetic. 279. 280*. 

— and gastric secretion. 46. 

— , Now. 60. 

— . White. 191. 439. 

— , Wholemeal. 208. 

Breast, Cancer of the. 10. 

— , Mastitis of the. 126. 

— milk. (5ce “ Milk "). 

Breath, Offensive. 126. 203. 304. 

317. 

Breathlessness. 364. 369. 399. 

408. 420*. 421*. 

Bright on nephritis. 230. 

Bright's disease. 230. 231. 243 

and high blood-pressure. 403. 

protein intake. 231. 236. 

Broadbint, Walter. 72. 73. 
Brodii on ^renalm 23. 
Bromides. 306. 325. 361*. 

— in dyspepsia. 72. 

Bronchial arteries. 38^. 

— catarrh. 428. 

— glands, Enlarged. 426. 

extract. 2. 

— mucosa. 22. 

— mucus. 186. 

— spasm. 22. 432. 

— vessels. 388. 

Bronchitis. 185*. 318. 

Broncho - constrictor fibres of 
vagus. 420. 

Broncho-dilator action of the 
sympathetic. 420. 
Broncho-motor fibres. 428. 

— portion of the vagus. 424. 

— spasm. 426* 426.428. 
Broncho-pneumonia. 31. 162. 186. 

— and acmosis. 283. 296. 
BnowN-SiguABD. 16. 39. 

Bat ANT on salt intake. 237. 
Bulgarian bacillus (soured milk). 

M.333*. 

Bulloch on sexual development. 
30. 
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Buhoi on alkaliM. 07. 

Burn, J. U., on the pitnitary 
body. 261. 

BuTLRB on adrenalin. 22. 31. 
Butyric fermentation. 810. 331*. 

— intestinal putrefaction. 318. 
Bywatibs on panoreatio extract. 

84. 

Cadaverin. 220. 

Csoal fistula. 120. 

Cncum. 118. 110*. 125*. 120 130 
CafTein 100. 194. 243. 244. 

246*. 360*. 362*. 

Calamus Bcriptorius 376. 

Calcium acetate. 464 

— and blood. clotting. {See 
“ Blood -clotting "). 

content. 14. 15*. 442. 

447-8. 461. 

— carbonate. 303. 

--chloride. 182. 450*. 454. 

, Citrate precipitation of 444 

— and curdling of milk. 443 et sqq. 

— diet content. 443 

— excretion. 442*. 443 

— , Fluoride precipitation of. 444. 
lonixable. 442. 44!). 

— lactate. ^226. 227*. 228. 448*. 

460. 461*. 452. 

*— and magneeiom antagonism. 
464. 

— metabolism. 210. 441 et sqq. 

461. 

— and osteomalacia. 442. 

— oxalate calculi. 207. 

— precipitation of. 444. 

— phosphate. 214. 215 4.38. 

ci^taH. 216. 226. 

^ and the pneiperal state. 462. 
rhythm of the heart. 461. 

— salto. 14. 137*. 138. 208*. 
210. 226. 226*. 803. 346*. 438. 
441*. 442*. 446*. 447*. 448*. 
440*. 461*. 462. 464. 

— soap. 168. 

— and the urine. 442. 

Gakuli, Composition of. 207. * 

— ,Cystin. 210.220*. 

— , Oxalate. 207. 208. 212. 
—.Urinary. 202*. 208. 206 et 
■W- 


Calomel. 70. 167. 186. 187*. 304. 
331. 332. 

CAMuiDGR.' 130*. 144. 148*. 140. 
Campbell, Harry, on starchy 
food 66. 

Camphor. 164*. 166. 188*. 264. 

— water. 246 
Cancer. 10. 01. 06. 

Cannon, W. B, 61. 62. 66. 110. 

115 110 117 118*. 127. 430. 
CantharidcH 250. 

Canti on nitrogen retention. 240. 
252 

Capillaries. 174*. 170* 374*. 380. 

392 397 409 412. 418. 410. 
Capillary blood 408 

— circulation 411 412. 

— distension 418. 

— fiow 410. 

— paralysis. 300. 

— stasis. 289. 400. 410. 418. 
421.422*. 

— tube 446. 

Carbohydrate(B) 61*. 66 70 76. 
80 81. 00*. 100. 160 et sqq. 
1?2 280. 208 305. 

— absorption 77*. 

— and acetone bodies. 200. 286*. 
287*. 

— and bile. 107. 

bread. 280. 

diabetes. 268. 273. 274, 

276 277* 279*. 280*. 281. 
284. 286. 288. 

— diet. 145 173 211 237.436. 

— equivalents. Table of. 280. 

— , fVrmentable. 68. 00 144. 

311. 333. 

— and gastric secretion. 61. 00. 
glycosuria excitation. 146. 

— in gout. 103. 

— ingestion and sugar excess. 204. 

— and the bver. 160 et sqq. 200*. 

— metobolism. 33. 141. 142 164. 
258. 201. 266*. 206. 207. 286. 
287. 301*. 

— and monosaooharides. 266. 

nitrogen diet. 240. 241. 

oxaluria. 144 310. 

peristalsis. 118 

protein. 00. 70. 103 260. 

886. 443. 
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lCiri>ohydnte(i)] And pnrini. 103. 
— • Reotol Abior^n of. 75. 

— • Beduotion in. 831. 

— and takA-dlutBM. 152. 

— tolerance. 83. 84. 151. 258 265«. 
367.208. 979*. 280. 281. 301. 

— in typhoid fever. 236. 
Oarbol!oac:d. 10.284. 815, 
Oarbolnria 815*. 

Carbon dioxide. 3. 50*. 71. 106. 
201. 234. 251. 287. 289*. 290*. 
201. 292. 843. 383. 408. 414. 
421.428. 

, Alveolar. 59*. 

CarbonaoeoaB foods. 54. 
Carbonate!. 47. 803. 
Carbozyhffimoglobin. 408. 
Carbunoloe. 292. 

Carcinoma. 57. 61*. 65-0. 92*. 

128. 146. 283. 286. 201*. 
Cardamom!. 71. 

Cardia. 98. 90. 

Cardiac centre and toxemia. 43. 

— compensation. 372 et sqq. 390. 
891. 

— contractions. 330. 841. 844. 
346*. 848 et sqq. 872. 375. 

— dilatation. 261. 371. (See aleo 
** Heartp Dilated"). 

— effort syndrome 868 et sqq. 
—failure. 297. 

-^^phy. 8. 270. 361. 374. 


— irregularitiee. 887 et sqq. 
-lesion. 851. 859*. 390. 416. 

— murmurs. 337*. 363*. 
-muscle. 837. 330. 340*. 341. 


348* et sqq. 307.86.8. 872*. 878. 
— paralysis. 398. 

-rhythm. 387. 338*. 339*. 341*. 
8^. 844. 346*. 340 et sqq 
853*. 854. 355*. 356. 857. 362 
et sqq. 451 et sqq. 

-stairoaae. 348. %U. 


—systole. 451. 

-tonic. 422. 

-tube. 846*. 

(SeeaUo mder *' Heart" entries). 
Cardin. 2. 

Gardto-inhibitory centre. Stimula- 
tion of the. 20. 21. 22. 46. 188. 


889.302. 


Cardio-renal cases. 292. 
Cardio-sclerosis. 856. 864. 867. 
Cardiospasm. 64. 

Cardiovascular changes and symp- 
toms. 231. 233. 252. 368. 

— system and barium. 458. 
Carmtis, Rheumatio. 869. 

Cablsov on oardiao oontnctions. 
345. 

Carotid body. 17. 

Carotids. 414. 

Cartilages and ochronosis. 256. 
Casein, Soluble. 443*. 

Caseinogen. 75. 160. 280. 443. 
Caspeb on chloroform. 297. 

Castor oil. 111. 

Castration. 80. 40*. 

Casts. 160. 225. 228. 271. 207. 
400. 441. 

Catarrh. 72. 187. 160. 328. 428. 
Catarrhal exudation. 68. 

— Jaundice. 142. 160*. 

Cathoabt. 134. 296*. 

Catheters. 80. 114. 262. 422. 
428*. 

Catjtlby on lavage. 114. 
Cell-isleti. 140. 141*. 206. 276*. 
282. 

Gell-VaUs. 811. 

Cells, Alpha. 140. 

-, Beta. 140. 141. 

— , Bone. 455. 

— , Endothelial. 174. 

— , Epithelial. 90. 

-.Ganglion. 888.376. 441. 

— , Glandular. 174. 

— ^ Interstitial. 174. 
-,Kdnoy.207. 
-,Kupifib,174*. 176. 178. 

-, Liver. 175. 177*. 

-.Nerve. 876. 483. 

-.Polygonal. 176. 177. 
-.Prickle. 184. 

-.Red. 170. 182.418. 

-.Renal. 202. 290. 

— ^ Reticular. 174. 

endothelial. 177. 178. 

—/Sarcoma. 440. 

—.Secreting. 11. 140. 
-.Tissual. 446. 

-.White. 418. 

(Mlnlar foods. 237. 



INDEX 


477 


(Cblliilar)llfe. 229*. 

— oigiDi. 190. 

— reftetion. 194. 

OeUnkBe. 118. 178. 811. 

Oetebellor hnmorrhftge and diabe- 

tlo ooma. 202. 

GmbeUnm lobe. 202. 

Cerebral anamia. 225. 869. 880*. 
388. 884. 

— embolism. 857. 

— hamorrbage. 218. 251. 252. 
262. 385etBqq.398*. 

and adrenalin. 23. 82. 

blood-prewnre. 18*. 20*. 

21*. 22. 28. 29. 30. 

— piesBiire. 388. 

— Binuaes. 883. 

— BvmptomB. 359. 

— thromboaiB. 308*. 

— tumonrB, OlyooBurla of. 2(^. 

— ▼e8Bels.252*.384. 
Oerebro-Bpinal fluid. 184. 240*. 

202. 883*. 387. 

Cervioal plexoB. 877. 

Chemioal factor in gastric digee- 
tion. 47 et sqq. 

secretion. 2. 8. 49. 61. 

toxomia. 308 et sqq. 

— interaction. 3 

— meohanism. 302. 

— prodnotB of the organs. 3. 421. 
— BtimnlanU. 8*. 48. 40. 55. 62. 

188.892. 

Chemiotherapy. 8. 

Chest oompieasion. 375. 418. 
GHXTiri-8TOU8 respiration. 804. 
Cmcx, Ibss, on metabolism. 488. 
ChUblains.448.450. 

Children and bacteria. 811. 
-.Bottie-fed. 811.319. 

— and bronchial glands. 426. 
fainting. 53. 

— and the liTer. 31. 


Maraamlo. 817. 

GkeraUoiu on. 297 to 290. 805. 


— iBeomient (oyolical) Tomiting 
of. 283. 291. 293. 804. 


—•Urine of 818. 
— bntaio. 414. 


(Bee «fso“ Infant"). 
Cimmo. 288*. 284. 242*. 


Ohloiml.254. 845*. 

GUoretone and adrenalin. 24. 
Chlorides. 60. 61*. 68. 08. 94*. 
109. 147*. 214*. 229*. 247*. 
255. 818. 834*. 446. 450. 454. 
Chloroform. 42. 162*. 176. 254. 
297. 209. 

-poisoning. 21. 168. 

Chlorosis. 

Cholelithiasis. 62. 

Cholemia, Familial. 179. 
Cholagogues. 167. 180. 

Cholangitis. 185. 

Cholecystitis. 181. 170. 171. 310. 
Choleoystostomy. 163. 

Cholesterol. 163*. 166*. 168. 

— esters. 163. 

Chorea» Paralytic. 320. 

Choreic movements. 293. 
Chromaffin system. 260. 
Chromogen. 185 

CbdrcHp 0. H.t on duodenal 
fistula. 76. 

Chyme. 132*. 

Cirrhosis of the liver. 60. 88. 157. 

178 180 328 ct sqq. 

— , Multilobular. 32H-9. 

Citrate of potassium. 203. 213. 
214. 802. 

sodium. 188. 444*. 445. 446. 

447. 451. 

Citrated milk. 188. 213. 444. 
Citrates. 216. 244. 287. 303. 334. 
444. 447. 448. 

Clark, Afdbiw (Bib), on dyspep- 
sia. 54. 

— , Q. H , on parathyroids. 15. 
Clabki, Wood, on cyanosis. 325. 
327. 

Claytof-Qbnnb on pancreatic 
secretion. 134. 

Clottfaig, Intravascular. 42. 48. 
Clumping. 322. 

Coagulability. 9. 446*. 448 et sqq. 
Coagulation. 446. 452*. 

Coal-tar drugs. 327. 409. 

Cocaine and adrenalin 26.26.434. 
Cod liver oil and vitamins. 487. 
438. 

— , Portal content of. 190. 
Codein(el. 111. 281. 

Coffin-lia crystals. 215. 
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CoTOHUM on oedema of the Innp. 

Golohioine. 202*. 

Colohioum in gout. 202. 203. 

Gold bathing. 170 406. 

— . bedrooms. 433. 

Coleotomy. 123. 

Golio, Biliary. 101. 

— , Hepatic. 170. 

Golifonn organism in cyanosis. 
324. 

Golitis. 62. 63. 80. 127. 335. 420. 
Goluir on albuminuria. 223. 
Golon, The, 103 104. 118. 120*. 
121*. 122*. 123*. 126*. 127. 
130. 131. 312*. 322*. 336*. 429. 
Colopoxy. 131*. 336. 

Golostomy. 123. 

Goma. 157. 183. 251. 303*. 304*. 
— , Diabetic. 262*. 263. 270*. 271. 
278*. 285 200*. 292. 297. 301. 
408. 

GonOnementa and Yiscoroptoflis. 
128. 

Gongenital heart disease. 408. 
413 et sqq. 417. 418. 419. 422. 

— hypertrophic Rtcnosis of the 
pylorus. 60. 111. 445. 

— idiopathic dilatation of the 
colon. 122. 


— OMophageal stricture. 08. 

— syphilis. 135*. 

Congestion and the use of ox\sen. 
422. ‘ 


Gonjunotiyo. 184. 256 411. 430. 
Constipation. Ill 121 to 124. 
120 to 128. 180 202. 293. 308. 
460. 

— and leTator ani. 122. 
Constrictor impulses. 378. 380. 

— nerves. 377*. 378*. 
Contracture. 426. 

.Oenvnisions. 16. 385. 464. 

OooPiR on the nutrient arteries. 
869. 

CopiMAir. 61. 160. 440. 

Coronary arteries. 354. 301. 

— — and vaso-constriction. 390*. 

— veins. 330-40. 

— vessels and adrenalin. 91. 
Corpora lutea. Destruction of the. 

37. 38. 


Corpora qnadrigemina. 370. 
Corpus lutenm. 38*. 39. 
Corpuscles. 174. 178. 179. 180*. 
182. 183*. 318. 323. 408. 410. 
411*. 412. 416*. 419. 

Cough. 428. 

Cranial cavity. 884. (See also 
under “ Brain ”). 

Creolin. 188. 

Cretinism. 8*. 13. 

Cbilb on blood-pressure. 21. 
Cbockbr, RADCLim, on thyroid 
extract. 10. 

Cbombii on thrombosis. 442. 
Crystals, Envelope. 211. 

— , Hexagonal, 220. 

— , Oxalate. 200. 207. 209. 213. 
Curtis’ abdominal support. 129. 
335. 

CusHiNO. 26. 36. 37. 367. 384. 
387.449. 

Cutaneous tissues and pituitrin. 
33. 36. 

Cyanides. 308. 

Cyanosis 408 to 422. 

— and jaundice 100. 

— f Micro bio 323 et sqq. 

— , Sudden. 389 
Cyllin medical. 332. . 

Cyst, Pineal, and glycosuria. 202. 
Cystic degeneration. 120. 

— duct. 126. 106. 170. 

Cystin. 166. 220*. 221*. 312. 313. 

— calculus. 219. 220*. 

— , Endogenous. 221. 

— and the urine. 220. 

Cystinuria. 156. 197. 219. 220*. 

221 . 

— , Treatment of. 220. 221. 

Cystitis 216*. 218. 31B. 

C^lytic sera. 13. 

Dakin on adrenalin. 16. 

Dalb. 6. 25. 310. 397. 402. 

Daribb on adrenalin. 26. 

Death and lymphatism. 41. 42*. 
43. 

— , Jhymic. 43. 

Decalciflcation, Indications for. 

447 et sqq. 

Defacation. 120. 

— • Mechanism of. 121. 
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(PefaoAlioii), Postara during. 128. 
Deglutition. 06. 

Dehydration. 164. 232. 300. 
DuLBSKNiinon trypfdnogen. 137. 
DeUrium. 183.207. 308. 

Dendrites. 44L 
Dental caries. 452-3. 

Depressor branch of the Tagus. 
370. 

— nerres. 379. 301*. 

— remedies in high blood-pres- 
sure. 404. 

Di WissiLOW on pregnancy. 158. 
169. 

Deitrin. 40. 

Dextrose. 40. 77*. 70. 81. 82. 84. 
145*. 159. 161*. 187. 210. 
255. 257*. 258. 263. 278. 286. 
301. 306. 306*. 345. 

— : formula. 254. 

Dextrosnzone. 257. 

Diabetes. 140. 230. 264 et sqq. 
403. 

— , Acetone in. 300. 

— and alkaUes. 255. 262. 200. 

— , /9-oxybntyrio acid in. 284*. 
285. 286. 

— , Calcium in. 442. 

— and carbohydrate. 268. 273. 
274. 275. 277*. 279*. 280*. 
281.284. 286. 288. 

— , Clinical. 148. 267. 

— and diacetio acid. 260*. 270. 

— 9 Drupin.281. 

— • Fasting treatment for. 271 to 
273. 

— insipidus: dia^osis. 35*. 

— — and pituitrin. 35. 

— and insulin. (8u Insulin "). 
— , Kotonufla (Ketosis) in. 284 et 

sqq. 316. 421. 

— and metabolism. 271*. 
—.Pancreatic. 130 et sqq. 269. 

263. 

— : — disease contra - indicated. 
250. 264-6. 

— f Polyglandular hypothesis of. 
267. 

— , Polyuria of. 36. 

— and protein. 140. 302. 
—.Sugar in. 276. {Stt alto 

•‘Sugar "and** Urine**). 


(Diabetes). Treatment for. 271 et 
sqq. 

— and uric acid. 264. 

Diabetic acidosis. 302*. 

— bread. 270. 280*. 

— coma. (Set alto under 
** Coma**). 262. 285. 201. 

— diet 272 et sqq. 300. 

— flour. 280. 

— ketosis. 287. 288. 

— sugar. 264. 

— wasting. 286. 

Diacetio acid. 81. 260*. 270 
283 et sqq. 408. 

, Tests for. 263. 

— reaction. 270. 

Dialyzed serum 344. 

Diamines. 220. 316. 

Diaphoresis. 185. 231. 246 et sqq. 
Diarrhoea. 15. 114. 117. 134. 136*. 

248. 208. 318. 

— in sheep. 321. 

Diastase output 160*. 228. 

— tost. 140. 

— , Urinary. 146. 

Diastatio ferments. 331. 

Diastole. 346. 347. 353*. 366. 

366. 372. 373 303*. 396*. 417. 
Diet, Articles of. 47. 48. 

— , Baldwin's ozalate-freo. 200. 
210. 

— • Carbohydrate-free. 281. 

— , OuTTiN den's. 242*. 

— , Diabetic. 272 et sqq. 300. 

— , Folin’s. 236. 

— in gastric ulcer. 85 to 88. 

nigh blood -pressure. 404. 

— , Lbniiahtz. 87. 88*. 80 106. 

— , Mixed. 440. 

— . Protein. 4. 8. 17. 61. 156 to 
158. 231 et sqq. 

— , Variety of. 54. 280. 

Dietary, (instruction of. 55. 436ii 
Dietetic restrictions. 53. 64. 

— treatment of the bile. 172. 

dUbetes. 272. 274 to 276 

dyspepsia. 72. 

gout. 100. 

— malignant disease. 440. 

nepluitis. 234 et sqq. 

pancreatic disease. 160. 

— phosphaturia. 218 to 210. 
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Digestton. Aid to. 75. 

Chemioftl factor in. 47 et iqq. 
-of fat. 143. 

-.Gaatrio. (Ace “ Oastrio '*). 

— . Inteathal. 482. 

— , Leaoooytoeiii of. 308. 

— , Bfaohanioal factors in. 00. 123 
— , Moohanism of. 40 et sqq. 427. 
— p Nerrooi faotor in. 45 et ^q. 52. 
— , Products of. 310. 820. 

— p Prompt. 331. 

-pSaliTary. 5L 56*. 

—.Self. 83. 137. 188. 

— p Soup and its effect on. 54. 

— kStara . 60. 

— and uric acidity. 203. 

DigestiTe juicesp 311. 

— oigans. 55. 

— processes. 45. 40. 351. 

— system. 310. 

Digitalis. 300. 302*. 305. 308.428*. 
— p Action of. 244. 353*. 865. 350. 
300*. 307*. 

— in albuminuria. 228. 

— in nephritis. 244. 

— p Reaction to. 307. 

— and systoles. 351. 850*. 
Digitalisation in auricular fibril- 

btion. 350. 

DUatatioUp Cardiac. 20. 251. 307*. 

373*. 375. 303. 

— p Obstructive. 100. 

— of the pupil. 140*. 

stomach. 52. 50. 70. 71. 

85. 08. 101. 102. 103*. 

— pVaso-. (Aee** Vaso"). 
Dilator impulses. 378. 

— nerves. 377. 

Dinitrobensol. 108. 

Diphosphate. Heaose. 480* 
Diaaocharideri. 250. 

Disinfectant drugs. 153. 

Distal, no*. 110^ 125. 127. 
Distoikationp Quilpa'b method 

of. 834. 

Diuresis. 7. 100. 843 et sqq. 384. 
Diuretics. 35. 187. 204. 213. 831. 

230*. 243. 244*. 

Diuretin in nephritis. 844. 

Dixoir. 23. 808. 401. 

Dodds. 47. 50. 

Douch^ PlombiOres. 334. 


Dropsy. 280*. 231. 237. 247. 304 
374. 

Drugs. 320. 401*. 488. 

— and antibodies. 4*. 

— p Antipyretic. 400. 

— in Bruht's disease. 243. 

cardiac — . 


— p Coal-tar. 327. 400. 

— and conductivity. 801. 

— in diabetes. 281. 

— p Disinfectant. 153. 

— in glycosuria. 854. 803. 

gout. 100. 

— habits as indicated in patients. 
256. 324. 

— and high blood-pressure. 401. 
— pBty^. 388. 

DBurmoHD on vitamins. 487. 
Drobt on idiopathies. 427. 

Ductp Bile, (oee under Bile ")• 
— P ^tio. 126. 100. 170. 

— , Uopatic. 171. 

— p Intrahepatic. 171. 

Ductless glands and calcium meta- 
bolism. 442. 

Ductus arteriosus. 414. 416*. 

— venosuB. 414. 

DuDonov on purpura. 24. 

Dinri on calouim salts. 451. 
Dueis on albuminuria. 823. 224*. 


Duvgannov on adrenalin. 25. 
Dunhill on parathyroids. 14. 
Dunlop on oxalates. 210-11. 
Duodenal contents, Alkalinity of« 
170. 

— fistula. 70. 108*. 

and urobilin. 185. 180. 

— ulcer. 10. 02 et sqq. 74. 90. 95. 

no. 120. 

and gastric ulcer. 74. 109. 

gastro-enterostomy. 120. 

Duodenum, The. 28. 49. 57. 03. 
107. no. 183. 138. 140. 148. 
151.152*. 170*. 171*. 211. 

, Acid in. 62. 98. 109. 118. 

115. 132*. 133*. 

— -c-p Food-discharges into. 115. 
130 

, kinked. 110*. 125. 120. 

Dura, Sensitive. 384. 

DuBHAM on the omentum. 329. 
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^1 Eluott. 17*. 19. 116. 
Emboligm. 367. 448. 462. 


EmphyBemft. 436. 
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— appendix. 100. 

Appetite in. 06 69. ^ 

— ,Ai£enie (Aehlorhydria). 69/ 
64.67etMq. 

— , Atonic. TO. 

— and blenched aldn. 382. 

citrate of aoda. 446. 

cream. 211. 

— » Eggs for. 72. 73. 106. 

— , Fermentative. 67. 90. 212. 310. 
— , Flatolent. 170. 


— and cyaaoiii. 417. 418. 419. 
Empywna. 171. 

Enoephalitia. 16. 

Endocarditis. 416. 
Endocardium. 340*. 

Endocrine balance. 424. 429etsqq. 

— glands. 3. 6. 429. 430. 

— mtem. 429. 

Endogenous formation of oxalates. 

210 . 

— hormones. 436. 


— and gall-bladder. 171. 

— » Intraotable. 142. 

— , Oimuio. 131. 

— , Relex. 62. 66. 71 et sqq. 116. 
— , Sthenic. 02. 63. 

Dysphagia. 97. 98. 

Dyspnosa. 42. 289. 291. 293. 207. 
366. 364. 408 et sqq. 417. 420 
et sqq. 

— of heart disease. 421. 

— , Non-cyanotio. 408*. 

— , Paroxysmal. 260. 

— , Sudden. 380. 

— , Treatment of. 422. 

— ,Ur«Binto.408. 421. 


— purins. 190. 102. 109. 202. 203. 
Endothelioma. 178. 

Endothelium. 174. 262. 

Enema (cnemata). 70. 79. 80. 81. 

87. 118. 120. 122. 303. 

— , Glycerine. 86. 

— , Blilk. 80 . 

— , Nutrient. 76. 77. 70*. 82. 84. 
88. 89. 90. 

— , Olive oil and soda. 70. 87. 

— • Opium and starch. 10. 

— , Saline. 17. 295. 306. 

— , Soap and water. 00. 70. 87. 

— , Standard. 81. 82. 

— f Starch. 10. 


Eok's Ostula. 167*. 
EdamjpBia.260*.291. 

— and hepatic lesion. 11. 

— , Puerperal. 462. 

— . Thyroid in. 11. 

Ettema. 431*. 

Edbl on fanctlonal albuminuria. 
226. 

Bdxix8. 48*. 113. 

Edmuxds on Graves’ disease. 13. 
Epsarx on absorption of fats. 78. 
ESerent inipnlses. 428. 

— nerves. 377. 378. 

Effort syndrome, The. 308 et sqq. 
BHir .inH. 4. 176. 

Enmovr’c prepaiation for use in 
Jaundice. IM. 

Sinhointube.68.171.17S. ^ 
SinthoTsn’s string galvanometer. 
387*.364. 

Sleotio-oudiograms. 361*. 362. 
461. 


Water. 06. 79. 86. 

{See also '* Rectal feeding ”), 
Enteritis, Ulcerative. 323. 
Enterokinase. 130. 137. 138. 
Enteroptosii. 106. 

Enuresis. 0. 

Ennme. 148. 264. 437. 
Eosmophilia. 432*. 

Eosinophils. 432. 

Epimtrium. 112. 292. 360. 
Epileptiform convulsions. 260. 

368*. 361. 420*. 

Epiphyses. 134. 

Epistazis. 400*. 

Epithelial cells. 09. 

— resistance. 308. 

Epithdiun. 75. 243. 318*. 319 
338. 

Eppimn on Htlim.. 488. 
Bpstid on nephiltii. 830. 237. 
238*. , 

Brapdn. 7«*. 130. 100. 
Ei^MidpitaiMn. 19. 37. 

31 
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Ergotin. 19. 

Eblanoeb on the anrioulo- 
ventricular bundle. 342. 
Erythema. Tozio. 431. 
Erythremia. 411 et iqq. 
ErT^hroblastio tiBsues. 413. 
Erythrocytes, Formation of. 41. 
Et^hrol tetranitrate. 400*. 
Erythromelalgia. 381. 

Esbach. 211*. 226. 

Eserine salicylate. 117. 

Ether. 188. 

— and Imphatism. 42. 

soluble bodies. 7H. 79. 

— as a solvent for fat. 102. 

Ethyl butyrate. 138. 103. 

Euoaine and adrenalin. 26. 
Eustachian valve. 414*. 

EviNS, QiovrBiY, on nephritis. 

262. 

Exnmia. 397. 

Exanthemata. 431. 

Excretory mechanism. 431. 

Exnbb on adrenalin. 20. 
Exophthalmic goitre. 38. 145. 200. 
351. 357*. 420. 

and ovarian extract. 38. 

pituitrin. 37. 

Extra-systole. 340. 348 et sqq. 
355. 357. 364*. 365. 

— and heart-block. 367. 

Extracts, Animal. 2. 5. 13 16. 

32. 42. 48. 

— , Qlands. (5 m fibore, ''Thyroid/' 
etc.). 

— , Glycerine. 136. 

— of kidney. 43. 

meat. 43. 47. 49 55. 70. 

73. 80. 106. 172. 190. 196*. 197. 
237. 

— , Ovarian. 38*. 430. 

— , Pancreatic. 84. 281. 

Parathyroid. 15*. 448. 

— , Pituitary. 33*. 36. 

— , Pyloric. 48. 

— , Suprarenal. 19. 28. 29*. 

— , Testicular. 39. 

— of thymus. 41. 42. 

—.Thyroid (thyroxin). 2. 6. 6 et 

sqq. 18.403.407. 

Exudates. 185. 

Eye, The. 32. 36. 


Eye-ball, The. 439. 

Eye-strain. 426. 

Eye-test, Loewi’s adrenalin. 140. 
149. 260. 

Fasces, Accumulation of. 120. 

— , Alkaline. 334*. 

— and bile. 169. 177. 

— , Bulk decrease of. 311. 

increase of. 128. 129. 

— , Cultures from the. 322. 

— , Epithelium in the. 318. 

— examination for occult blood. 
66. 66. 

— , Expulsion mechanism for. 121. 
— , Fats in the. 150. 

— , Hasmolytio. 318. 

— , Hardened. 119. 

— and mercuric chloride. 318. 

— , Nitrites in the. 324. 

— , Normal. 144. 

— , Reaction of the 334. 

— , Soap in the. 144. 

— , Steroobilin from the. 140*. 186. 
— , Trypsin in the 143. 144 

— and urobilm. 185. 

Faintness. 365. 357. 369. 380*. 
Fasting. 334. 

and acidosis. 300. 306. 

— animal and pyloric extract. 48. 
secretion. 136. 

— and diabetes. 271. 272*. 273*. 
uric acidity. 203. 

Fat. 7. 48. 70. 80. 84. 115. 143. 
144*. 145*. 160*. 164 162*. 
237*. 265. 269. 273. 278. 298. 
299. 437. 

— absorption. 145. 168. 169. 172. 
186. 267. 

— and acidosis. 285* et sqq. 

— and bile. 167. 169. 172. 

—, Digestion of. 142. 143. 144. 
317. 

— droplets. 144. 

— emulsideation. 169. 

— and gastric secretion. 53. 64. 
69. 172. 

p hypopituitarism. 34. 

— and ketosis. 285 et sqq. 

the liver. 162*. 298. 299*. 

— metabolism. 163. 174. 

— , Neutral. 169. 
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<Tat), Fhosphorized. 106. 

— and protein. 150. 

— , Rectal abiorption of. 75. 78. 
Fat^Utting. m*. 144. 150. 163. 

Fatty acid. 115. 138. 142. 144. 
145. 108*. 109*. 280. 287. 299*. 
312. 310*. 

— congestion. 162 

— degeneration. 177. 

— deposit. 162. 

— diwhosa. 135. 

— diet. 280*. 

— heart. 7. 

— infiltration. 102. 359 

— Uver.31. 102. 179 298*. 

— masses. 78. 273. 285. 

— solvents. 102. 

— stools. 150. 

Fawcxtt on piperazin 200. 

Febrile affections. Acute dilata- 
tion of 307. 

— eonditions, Acetonuria of. 280*. 
Feeding. 57. 82 114*. 443. 

— , Direct. 45. 46* 

— in gastric ulcer. 85 80. 

—I Rectal. 283. 286. 

— , Sham. 45. 46*. 

Fehlino's solution. 254*. 250. 
Fuol on blood sera. 175. 

Felamine tablets. 172. 

Ferment, Amino-acid. 150. 

— , Deficient supply of. 152. 

— , DiasUtio. 147. 331. 

— , Fibrin. 137. 441 440. 

— , Intracellular. 195. 

— , Lactic acid. 332. 

— , Malt-sugar-splitting. 139. 

— , Milk-curdling 139 445. 

— , Pancreatic. 135. 137*. 139. 

— . Proteolytic. 75. 157. 
—.Splitting. 78. 113. 139*. 150. 
103. 

— , BUroh-spUtting. 113. 139. 
Fermentation. 58. 07* 144. 210. 

211*. 214. 284. 311*. 319. 331 
Ferric chloride solution. 165. 255. 

283. 285. 313. 

Fever. 283. 293. 347*. 382. 

— ,Hay. 25.425. 420. 

— , Typhoid. (See Typhoid ”). • 
FibriU^ twitohings. UC 


Fibrillation, Auricular. 340. 353*. 
etsqq. 

Fibrin. 75. 200. 

— ferment. 137. 441.440. 
Fibrinogen. 200. 

Fibrosis. 359*. 301. 

— • Interlobular. 259. 

Filarial chyluria. 73. 

Fiudliy on Mrathyroids. 14. 
Fingers, Clubbing of the. 323. 324. 
Fischer on purin bodies. 189. 

Fish diet in diabetes, 275*. 

dyspepsia. 73. 

gastric ulcer. 87. 

hyperchlorhydria 173. 

nephritis 241.248. 

and pnosphaturia 210*. 

— , Purin content of. 190. 

Fistula, Biliary. 100 
— , Cecal 120. 

— , Duodenal 70. 108*. 

— pEck’s 157*. 

— , Gastric. 89. 

— , Pancreatic 134. 

— of the thoracic duct 78. 

Flack on the heart. 341 
Flat-foot. 9. 

Flatulence. 120. 170. 172. 173. 
331 352. 

Flexnrr. 138. 308. 

Flexure. 127. 

— , Hepatic. 125. 

— , Splenic. 120. 125. 

Fluid 238 240. 241. 246. 274. 

312 400. 

— , Ascitic. 320 

— , Circulating, Increase of. 244. 

— , Warm, and sleep. 380. 381. 
Flutter, Auricular. 352. 353*. 

354* 355. 

Fostns. 200. 452*. 

— , Macerated. 434. 

— and polycythsmia. 180. 

Folin's diet. 235. 

Food, Calorie value of different, 
87. 240. 241. 271. 275*. 277. 436, 

I — and its carbohydrate equi- 
I valents. 280. 



— discharge into duodenum 115. 
— . MetaMized. 187. 
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(Food), Nnoldni oL lOS. 

— and pain. 63. 

— protein. 271*. 

— purina. 100 to 103. 

— and ileep. 380. 

— , Starchy. 66*. 

— , Uncooked, and Titamlna. 437. 
Foramen ovaJe. 340. 410. 414*. 
415*. 

Formaldehyde. 172*. 

Formalin. 143. 152. 

— method. 302. 

Fobstth. 13. 148. 

Fottlibton on fat-flolventc. 162. 
Fox, Hinostov. 226. 462. 
Foxwill on urea output. 236*. 
Fractuxea, Thyroid extract lor. 10. 
FBAiniL on the OTary. 37. 
Fbasbb on dintaliaation. 350. 
Fbiw, 263. 207-8. 

Fbuhuoh. 35. 261. 440, 

Fbomm on poisons. 300. 

Fruit. 203. 238. 240*. 241*. 330. 
— • Acid, and urticaria. 448. 

— , Fresh. 223. 

— juice in nephritis. 243. 

^ in phosphaturia. 210. 

Fundus glands. 48. 40*. 62. 100. 

103. 

Funk on vitamins. 436. 440. 

Gall bladder. 117. 125. 138. 166*. 
167*. 168. 170*. 171*. 172*. 
207. 

— stones. 63. 127. 140. 170*. 
172. 176*. 186. 207. 310. 

Galvanometer, Einthoven's string. 
337*. 354. 

Ganglia, Intraoardiao. 338*. 330. 
346. 

Ganglion oeDs. 338. 376. 441. 
Ganglionie station. 377. 

Gabbod, fin Alibid, on gout. 
107. 

— , — Abohibald. 220. 255. 257. 

260. 263. 206. 315*. 

Gas, Inespiiable. 428. 

poisonnig. 370. 

Gasbbix. 338*. 342*. 392. 

Qastrio oaidnoma. 67. 65-8. 201. 

— oatairh. 72. 328. 

— contents. 91. 98. 111. 115. 910*. 


(Gas^e) orainp. 64. 

— diction. 45 to 54. 58. 68. 152. 

— disease, Examination of. 66. 

— disorden. 45 et sq^58. 426. 

— fermentation. 58. 6^. 210. 

— fistula. 80. 

— juice. 43. 45. 51. 54. 55*. 64. 
67*. 70. 72. 73*. 82*. 83. 03. 
107. 110. 115*. 132. 142*. 150*. 
168. 172. 203. 200*. 302. 443. 

acid. 45*. 57 et sqq. 83. 151. 

, HCl. of. 57 et sqq. 133*. 

200.215. 331. 

and meat extracts. 43. 47. 

65*. 

— mill. 52. 

— mucosa. 47. 60. 126. 

— mucus. 72. 

— peristalsis. {See " Peristalsis *' 
general entries). 

— secretin. 40. 61. 

— secretion. 2. 3. 45. to 55*. 60. 
60*. 72. 73. 82*. 01. 107*. 100*. 
115*. 132. 444. 

— sepsis. 328. 

— spasm. 08. 

— ulcer. 16. 62. 73 et seq. 84. 85. 
101*. 102. 107. 100.* m. 

duodenal ulcer- 74. 100. 

• Gastro - enterostomy for. 

108. 

— vaso-dilation. 55. 

Gastritis. 60*. 67. 68. 05. 103. 

104. 105. 210. 

Gastro-enteritis. 445. 
Gastro-enteroatomy. 107. 108*. 
208. 

Gastro-intestinal conditions. 213. 

— intoxication. 308 et sqq. 320. 
-ketosis. 206. 

— toxin. 202. 

— tract. Kinks in the. 124. 
Gastro-jejunostomy. 80*. 104. 126. 

Gostroptoais. 100. 105. 
Gastrostazis. 73. 

Gastrostomy, Feeding ate. 57. 

99 . 

Gaiiltheriaoil.26*. 

Gbb. 204. 212. 293*. 

GiBLMinrDBir on ketosis. 288. 
GoUtin(e). 143. 151. 152. 237. 317. 
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Gcnllo-vriiiafy triot. SO. 

Qentliii infnuoii. 171. 

Oiwnr on Mmzii iteknow. 448. 
Gmsoii A. 0.» on heut-blook. S09. 

Q. A. 884. 869. 866.308. 
GiLBiBTon thyroid extract. 10. 11. 
Qhuatt on toxnmin. 206. 

Glands. 3. 5. 6. 11. 62*. 867*. 

Bronchial. 426. 

: extract. 2. 

— controlling carbohydrate meta- 
bolism. 2M. 267. 

— .DnctlesB, and calcium meta- 
bolism. 442. 

Bndocnne. 3. 6. 420. 430. 

— enlargement. 33. 36. 41*. 261. 
426. 

*,FandiiB.48.40*.62. 

— , Lmphatio. 174. 

— , luunmary. 38. 266. 

— , Parathyroid. 13 to 16. 

— , Parotid. 377. 

Pineal. 262. 

— , Pitnitary. 6. 33. 36. 261. 266. 

Pyloric. 48*. 49*. 61. 100*. 

— , Beprodnctive. 266. 

— .EWyary. 83. 

—secretion. 6. 0. 32. 113. 

— , Bnbmaxillary. 377. 

— iBnprarenal. 16 to 20. 24. 27. 

28. 31. 146. 26b. 

— fTesticolar. 30-40. 

— ^ Thymns. 40 et sqq. 

— , Thyroid. 5 to 16. 266. 407. 

— ^ , enlargement. 36. 41*. 261. 

— tTnbnlu. 174. 

Glandular cells. 174. 

— extracts and calcinm meta- 
bolism. 442. 

— lobe. 32. 

— seoretionB. 6. 48*. 40. 
Glaneoma and adrenalin. 26. 
Globnlin and albumen. 200. 224. 
228. 280. 

Olomernli. 402. 

Cttnoose. 138. 161. 264. 

— sobtion. 113. 
Ghitaiioaoid.287. 

QWceiine. 160. 188. 

—extract. lU. 

— as month wash. 88. 

Glydtt. 166. 


Glyeo-piotelns. 264. 

^Glyeogen. 189*. 142. 148. 160. 
161^. 267. 260. 263. 301. 420*. 
inria. 7. 31 to 36. 36*. 134. 


[30. 141*. 142. 143*. 146*. 146. 
148. 160. 161. 264 to 260. 300. 
308. 426. 

Glyonronates. 164. 166. 
Glyonronic acid, 164. 166*. 266*. 

m. 


: formula. 264. 

Ghelih's test for bile pigments. 
182. 

, RoSXKBACH'Smodi- 

Bcation of. 182. 

Goitre. 7. 14. 

— , Exophthalmic. 38. 146. 260. 
351. 357*. 426. 

Gonadal deOcienoy in asthmatics. 
430. 

Gonads. 430*. 

Gonorrhea. 25. 

GooDALL on the thymns. 40. 
Goodbodt on internal diseases. 04. 
Goodhabt. 63. 100. 204. 
Goose-gait. 256. 

Gordoh. 200. 318. 

Gobi on nric acid. 103. 

Gont. 107 to 205. 

GBAXSBBon adrenalin. 10. 
Gbaham. 61.278. 

Gbaham’s dietetic treatment of 
diabetes. 272*. 273*. 274. 277. 
Grayel. 202. 203. 204*. 

— and atophan. 202. 

Grayes* usease. 11 to 16. 41. 
260. 864. 

Grey powder. 804. 

GBimrBB, H. E., on gall-stones. 
170. 171. 

Gross on cyanosis. 418. 

Gnoyxon parathyroids. 16. 
Guanidine. 14*. 

Guanin. 190. 

Guxlpa's fasting treatment of 
diabetes. 272. 

— method of distoxioation. 384. 
GuLLAVD on yasomotor nerfis, 

384. 

Gnmmata. 360. 

Gumfucbt on blood-preasniot 
806. 
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OimzBfBO’s test for free HC1.02.0ili. 
OiTTBBZi, Lionaud. 207. 208. 305. 

HematemesiB. 10. 73-4. 157. 

170. 205. 

Hematin. 326. 

Hematogenous albuminuria. 222. 
226*. 

Hematoidin. 177. 
Hematoporphyrin. 175. 320. 
Hematoporphyrinuria. 326. 
Hcematuria. 25. 78. 100. 211. 212*. 

213*. 216. 244. 400. 

Hiemoolasio oriais. 105. 
Hemoglobin. 174*. 220. 318. .323. 
326. 327. 330. 408*. 400*. 411*. 
419*. 421. 

Hemoglobinuria. 179. 

Hemolysis 180*. 181. 182*. 185. 
186. 328*. 

Hemolytio jaundice. 177 et sqq. 
Hemophilia 24 440. 

— and adrenalin. 24. 

HaamoptyBis. 23*. 32 388*. 
Hemorrhage. 9. 24. 27. 30. 73 

74. 83*. 84. 88. 89*. 108. 137. 
149. 183*. 186. 252. 318*. 320. 
375. 388. 307. 308. 448. 450. 452. 

— and blood-presBure. 385 to 388. 
—.Cerebral 218. 251. 252. 262*. 

385 et sqq. 307. 308*. 

— . Intestinal. 10. 20 37 440. 

— , Lenticulo-Btriate. 202. 387. 
Hemorrhagic effuflions. 175. 
Hemorrhoids. 25. 

Hemosiderin. 174-5. 

Haiq on uric acid 189. 

Haki on carcinoma. 01. 

Haldavi. 280. 423. 

Hall, Walkib, 100-1. 193. 108*. 
202. 205. 

Halpebk on diacetio reaction. 287. 
Hauill on pituitrin. 37. 
Hamilton on paralytic chorea in 
sheep. 320. 328. 

Havdvobd on gummata. 350. 
Habdt on eosinophilia. 432. 
Haelit on internal diseaies. 04. 
Habeuon, Colonil, on hepatic 
disease. 160. 161*. 

Habvby on high blood-pressuze. 
401. 


Hassall’s oorpuscles. 41. 
Hassxlbalch on urine. 288. 

Hay fever. 25. 425.420. 

Hat's (Matthbw) test for bile 
salts. 182. 

Headache. 9. 35. 126. 183. 184. 
186. 104*. 212. 218. 251. 295. 
314. 317. 356. 357. 360. 400. 
406. 412. 450*. 461. 

Heart, The. (^se also ** Cardiac," 
“ Cardio-"). 

and adrenalin. 20 et sqq. 

alcohol. 370. 

— beat. 7. 338 ot sqq. 380. 301. 
.392 442. 451*. 451*. 

— and bile salts 183*. 

— block. 339. 342. 343. 340. 360 
to 368. 

— blood and bacilli. 318. 320. 

— and blood -presBure. 362. 365. 
373. 374. 379. 

— , Congenital disease of. (See 
" Congenital "). 

— contractions. 330. 341. 344. 
345*. 348 et sqq. 

— . Dilated. 20. 367*. 373*. 376. 
393 

— dis^.4. 365 370. 371. 

, Dyspnoea of. 289. 201. 293. 

207. 355. 364. 

— , Disordered actions of. 
(D. A.H.). 368 to 371. 

— failure. 21. 42. 185. 251. 262. 
362.363.305.418*.410.421.422. 

— , Fatty. 7. 

— , Hypertrophied. 30. 361. 374*. 
303 402. 403. 

— , Irregularity of. 337 et sqq. 

348. 350. 368 to 371. 

-muscle. 2. 251. 337. 330*. 
340*. 341. 343 et sqq. 356. 367. 
390. 

— , Pacemaker of the. 346. 

— and pituitrin. 34. 

— , Reptilian. 415. 

— , Reserve force of the 373. 375. 

— rhythm. (See under " Car^ 

— 308 to 371. 

— and tobacco. 370. 

vagal inhibition. 20. 330. 

362. 
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(Heart) and vaguB. 183. 339. 359. 
302*. 385*. 392. 

valves. 320. 337 *. 349. 

vsBO-constriotion. 20. 306*. 

374. 390. 

the vasomotor system. 381. 

300 et sqq. 

— , Weakp and albuminuria. 224. 
H^.don on the pancreatic juice. 
143. 

Helmitol. 153. 172*. 

Hemianopsia in acmmcgaly. 35. 
Hemiplegia 251 307. 

Henderson on the thymus. 40. 
Hepatic activity. 155. 

— colic. 170. 

•— damage to the liver. 155. 1G3. 

— defect. 159. 

— disease. 157. lCO-1. 

— duct. 171. 

— efficiency. 157. 158. 150*. 

— failure. 105. 

— flexure 125. 

— insufficiency. 159. 160*. 106*. 
183 197.310. 

— jaundice, Obstructive. 170. 

— Icniun 11. 

— toxesmias. 159. 

— vein. 167. 

Hepatitis. 160*. 

Hepatization, Grey. 418. 

Hebino on the heart. 342. 
Hebscheb on thyroid extract. 10. 

11 . 

Herter. 135*. 314*. 317. 
Hbrtoghe on thyroid insuffi- 
ciency. 8 to 10. 

Hess on asthma. 428. 

Hexamine. 172*. 200. 

Hexone bases. 312. 

Hexose diphosphate. 420. 
Hiccough and adrenalin. 19. 

Hill, A. V. 373. 303. 420. 

— , Leonard, on blood -pressure. 
396. 

Hilton on oxygen inhalation. 
422. 

His and the aurioulo-ventricular 
bundle. 339. 361. ^ 

Histidine. 294. 

Histone. 326. 

Holadin. 152. 


Holsi on scurvy. 440. 

Hopkins. 28. 436. 

H ORDER on abdominal infectioiu 
322. 

Hormones. 3*. 4 to 8 12. 30. 30. 

37 et sqq. 48. 141. 436. 

— , Endogenous and exogenous. 
436. 

Horse Besh as diet. 439. 

— serum. 90*. 

Hort on ulcers. 90*. 

Hour-glass stomach 80 01. 

, Functional KX). 

, Spasmodic. 90 100. 

.True 101. 

Howard on diastase. 148. 

How ell on calcium hulU. 451. 
Howland 14 291 

Hdmu, Maroahbt, on air. 438. 
Hunger. Air 160 292. 

— fla}H in diabetes 274. 275 277. 

281 . 

— and gastric digestion 52. 

— pain. 64. 278. 

Hunter on sepsis. 328 
HrpPEBT'B test upon urine. 182. 
Hurst, A. F. 15 50 64. 08 09. 

100. 103. no 111. 117 118. 
120. 121. 122*. 123. 120 296. 
424. 429. 

Hurtlby.284.291*.327. 
Hutchison 234.440. 

Hyaline casts and albuminuria. 
225 228. 

Hydremic nephritis. 230. 
Hydration. 164. 309. 

Hydrazine phosphate 148. 

Hydroa vacciniiorme. 327. 
Hydrochbric acid 48 49 55. 85. 
01 et sqq. 90 102 104 106*. 
107. 151*. 152 210. 250. 289-90. 
313*. 

as an antiseptic. 08. 

and gastric juice. 57 et sqq. 

133*. 209. 215 331*. 

, Gunzbbro's test for. 02. 

05. 

and malignant disease. 60. 

poisoning. 100. 

secretion. 115. 136. 

Hydrogen peroxide. 66*. 105. 313. 
332. 
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Hydrogen-ion conoeatraiion. 50*. 

61. 261*. 290. 420«. 

Hydropic degeneration of cell* 
Islete. 141. 266. 

Hyperacidity. 64. 107. 100. 
Hyperohlorhydria. 62 et aqq. 70 
et eqq. 86. 06. 102. 104. 109*. 
116*. 162. 170*. 172. 216. 218. 
— and gaetro-enteroBtomy. 109. 

meat-soupa. 66. 

Hypei^IyofiBinia. 83. 146. 266. 

276*. 279*. 

Uyperpiesia. 403. 406. 
Hyperpituitariam. 261. 
Hyperplasia. 112. 165. 
Hyperpncea. 201*. 421. 
Hyperpyrexia. 114. 406. 
Hyperthyrea. 11. 12*. 
Hyperthyroidiam. 12. 370. 442. 
Hypertriohoaia. 33. 

Hypertrc^hio atenoaia of the py- 
loma, Congenital. 00. 111. (See 
also “ Hypertrophy **). 
Hypertroph&d heart. 30. 361. 
374*. 303. 402.403. 


Idiopathiaa, Toxic, 427. 429. 
Ileo-o«cal junction. 125. 

— sphincter. 20. 

— YalTe.76. 117. 110. 127. 133. 
neom. 120. 123. 126. 127. 446. 
Impotence. 33. 40. 

JnJGeia. 164. 160. 266^. 313*. 

314. 316. 316*. 317. 318. 336. 
Indicanuria. 164. 313. 314*. 316*. 
317. 

Indigestion. 96i 450. 

InM. 7. 164*. 309. 314*. 316*. 
317. 325. 

Indolic putrefaction. 317. 318*. 
Infant asthma. 431. 

— feeding on cow'a milk. 443. 445. 

— maraamuB. Ill et aqq. 

— scurvy. 440. 
thyroidiam. 8. 

— vomiting. Ill et aqq. 
Infantiliam. 134. 136*. 

— , Hxbtxb'b description of. 136. 
Infarcts in the aplew. 411. 
Infection, Acute, Heart failure in. 
306. 


— thyroid. 13. 

Hypertrophy, Cardiac. 3. 270. 

— of Ha88all* 8 oorpusclea. 41. 
lymphoid tiaaue. 43. 

— — tne mammary gland. 38. 

— muscular tissue. 112*. 

122.402. 

tonsils. 41. 

Hypo-adrenalism. 429. 
Hypobromite method of urea 
estimation. 230. 240*. 
Hypochondriacs. 104. 212. 228. 
Hypoglycamia. 83. 258. 
Hypophysis cerebri. 32 et aqq. 
Hypopituitarism. 33 to 85. 261. 
Hypoplasia. 34. 

Hypothyroidism. 8. 12. 
Hypoxaathin.l00*.102.194M05*. 

Ice bas. 362. 

Iceland moss. 120. 

Ichthyol. 188*. 332. 

— calloylio acid soap. 183, 
lohthym. 9. 

Icterus gravis. 168. 

— neonatorum. 180. 


and intoxication. 330. 

— , Intestinal. 321. 322*. 

— , Process of. 322. 

Infiltration, Fatty. 360. * 
Inflammation. 124. 417. 
Inflammatory changes of inter- 
stitial nephritis. 262. 

— conditions of the pancreas. 138. 
189. 

Influenia and cyanosis. 418. 

— — heart-block. 350. 

— — pUebitii. 310. 

Infundibulum, Pituitary. 442. 
Infusions (injections). 6. 26. 27. 

30. 31*.m35. 

— of adrenalin. 2W. 426*. 

— , Intramuscnlar. 37. 

— , Intraperitoneal. 20. 

Intravenous. 21. 29. 30. 81. 
32. 37. 187. 280. 303. 306. 310. 
367. 807. 454*. 

— , Rectal. 306. 

— » Sub-arachnoid. 456. 
—•Subcutaneous. 7.‘9S. 26. 30. 
82. 38. 360. 454. 455*. 

Uric acid. 201*. 

Insomnia. 218. 251. 380. 
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' ooldfeet. 880. 881. 

InfnUii. 141. 868. 861. 868. 864*. 
871*. 878*. 976*. 877*. a78*. 
878.888. 801*. 808. 804*. 806. 
Internal teoratlont Defective. 146. 

— — of the OTMT. 448 . 

thyroid. 808. 

Intereyetolio pwlode. 842*. 
IntMtinal eueeionB. 124*. 

— enutomoeie. 118-10. 188. 
-entliepiii.S24. 331*. 

— entiMptioi. 163. 316. 
-baot^. 142. 185*. 808. 800*. 

811. 810*. 826. 

— — end the OM of paraffin. 332. 

— bleeding. 10. 
digeetion. 482 

— distozioation. 310. 334. 

— dietnrbanoee and aethma. 426. 

— datnlenoe. 881. 

— flora. 808. 811.310*. 

— glyooMiria» Theory of. 148. 

— hamorrha^. 10. 20 . 87. 440. 

— indigMtion. 317. 

— intoxications. 807 et eqq. 310. 
323*.330etsqq. 406. 410. 

, Tests for. 313. 

— kinks, Vonnation of. 106. 123*. 

— lavage. 180. 

— mucosa. 183. 162. 

— muscles. 168. 

— obstruction. 110. 118-0. 183. 
187. 827. 

— paresis, Pituitrin in. 86 

— putrefaction. 163. 160. 173. 
186. 817. 

— sepsis. 828. 

— short oirenits. 181. 

— staele. 118*. 128*. 184. 126*. 
127. 188. 808. 

— tozamia. 164. 

— tract, Infections of the. 860. 

— waDs. 187. 


—worms. 187. 

Intestine, The. 68. 110. 111. 114. 
113. 187*. 180. 186. 811. 810. 
382. • 


k P6od absorption in. 76. 810. 
-, — lam. 110*. 187*. 811. 810. 
, and auk. 446*. 


-—^Mucous membrane of. 188. 


^ (Inteetine, llie), Nitrlte-piodueing 
mlorobm in. 400. 

1 Baprophytee of. 880. 

—, — small, Movement of. 116. 
810. 

, Water absorbed from. 844. 

811. 

Intoxication. 48. 126. 834. 200. 
804. 808* et sqq. 818*. 813. 316. 
820. 830. 

Intra-abdominal pressure. 880. 
IntracardJac gan^a. 338*. 330. 

— pressure. 372. 
Intracerebral instillation. 464. 
Intracranial pressure. 383. 884*. 

386*. 387*. 

— tension. 386*. 387. 

Intragastric tension. 68. 07. OS. 

103. 

Intrapericardial pressure. 876. 
Intravascular clotting. 42. 43. 
Intravenous injections. 

** Infusions "). 

Invalidism. 807. 318*. 

Iodide. 326. 402. 434. 

Iodine. 7*. 143. 144. 147. 188. 
lonisable calcium. 442. 440. 
Ionised salts and cardiac action. 
344. 

Iron. 326. 

— preparations. 248. 

— salts. 326. 

Irrigation of the bowel. 76. 77. 

— colon. 336. 

Irritability with languor. 461. 
lul. 332. 

Jamixboh on cyanosis. 320. 
Jahiwat on blood-pressure. 808. 
306. 306. 

Jaundice. 140. 160. 160. 160*. 

161.170. 174 et sqq. 322. * 

— , Acholuric family. 170. 180. 188. 

— end bradycardia. 183*. 186. 

— , Calomel in. 186. 

— , Catarrhal. 142. 160. 177. 18U 
, and alkalies. 187. 

— and oirrhocis of the liver. 178. 
-and cold teth. 170. 

— diet. 187. 

— ^ DisMciated. 181. 
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(Jaundice), Drugs contributing to. 
170. 

— of gall-stones. 176. 

— , Hiemolytic. 177 et sqq. 

— , Hepatic. 176. 

— , Infective. 176-77. 

— , Latent. 180. 

— and mastitis. 185. 

— in the now-bom. ISO.* 181. 

— , Obstructive. 184. 188. 

~ and pneumonia 170.185. 

— , Renal dissociation in. 181. 

— , Spirochietal. 176. 177. 

— , Thyroid extract m. 10*. 188. 

— and toxaemia. 177. 183. 187. 
Toxic. 101*. 163. 176-77. 

— and typhoid. 176. 

— , Vomiting in. 180. 187. 

Jejunal ulcer. 109. 

Jejunum, Distended. 111*. 

— and HCl. 133. 

— , Kinked. 125 126. 

JiLLASSEon ulceration. 00. 
JiLUCK on the nutnent arteries. 
350. 

Jerome, Smith, on fresh fruit. 203. 
Joints, Ailections of the. 126. 329. 
Jolly on the ovary. 37. 

Jordan, A. C., on intestinal 
stasis. 128. 

JOSLIN on alkalies. 302. 
Juxta-pylorio ulcers. 50. 

Kanthack on cosinophilia. 432. 
Kasuiwado on pancreatic in- 
adequacy. 143. 

Kast on gastric disturbances. 00. 
KaUbolism. 0. 197. 198. 201. 271. 
KAUfMAHN on the gastric mucus. 
72. 

Keene on cyanosis. 418 
Keith. 127. 341. 342. 350. 
Kxuino on gastro-enterostomy. 
108. 

Kendall on thyroxin. 7. 
Kennaway. 192-3. 195. 296. 
Kent, Stanley, on the heart of 
mammals. 339. 

Keratin-coated capsules. 152. 
Ketonuria in diabetes. 284 et sqq. 
Ketosis. 78*. 82. 83. 273*. 278. 
283 et sqq. 316. 421. 


Kidney, The. 31. 43*. 125*. 103. 
181. 198*. 199. 205. 207*. 212*. 
213. 220. 225. 227 to 233. 230*. 
237*. 239* to 251. 258. 270. 
289. 292. 294. 421. 

, Fat in. 162. 

: threshold. 147-8. 158. 150. 

161. 229*. 258 276. 

and urea. 229. 231. 234 et 

sqq. 246. 248 et sqq. 

{See also “ Nephritis "). 

Kinks. 105. 122. 123*. 124. 125 
127*. 

Kjeldahl's method for estimatbig 
total nitrogen. 230. 

Klemperer on oxaluria. 213. 
Knee-jerks. 269. 

Knife-rest crystals. 215. 216. 
Knock-knee. 9. 

Korenchevsxy on parathyroids. 
15. 

Kreatin 3. 

Kreatinin. 254. 

Kupffkr cells. 174*. 176. 178. 

Lactate, Calcium. 220. 227*. 223 
448*. 450. 451* 452. 

Lactation. 250. 438. 

Lactic acid. 288*. 316o 359. 408. 
420*. 440. 

ferments. 332. 

, Organisms producing. 77. 

92. 333. 

Lactose. 20. 50. 81. 151. 256. 257. 
Lactosuria, Alimentary. 256. 

“ Ladder-diet " in disDotes. 275. 
LfiBvulose. 150. 256. 267*. 
LsBvulosuria, Alimentary. 250.* 
Laidlaw on rectal feemng. 77. 
Lambert on the LENHABTZdiet.86. 
Lancereaux on diabetes. 250 
Lane, Sir Arbuthnot. 118. 123. 

124. 126*. 127. 128. 

Land, B. T., on adrenalin. 20. 
Lanoxbhanb* cell-islets. 140. 
Langley, J. N., on adrenalin. 17*. 
Lanz on Graves' disease. 13. 
Lapq^tomy. 123*. 138. 259. 
Laryngeal spasm. 42. 428. 
Laryngismus stridulus. 431. 
Lawrence on hepatic disease. 160i 
101 . 
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LftxatiTeSf Natural. 108. 

Lba on heart-blook. 302. 

Lead acetate. 313. 

— poifioning. 198. 308. 

, PerifltalsiB in. 117. 

Lbathbs. 102 197 296*. 

Lecithin. 40. 100. 1G8. 

Lib, Emirson, on the liver. 402. 
Linuartz. 84. 87. 88*. 89. 106. 
Lenticulo-striate hasmorrhage. 262. 
387. 

Lbopold-Lbvi on thyroid in- 
Btabibty. 12. 

Leaions. 6. 10. 11. 16 16. 24. 28. 
29. 52. 62*. 63. 97. 131. 141. 
142. 143. 145. 228. 232. 251*. 
252*. 320. 350. 351*. 369*. 410. 
Lcucin. 157. 286. 312. 

Lencooytes. 41. 99. 179. 192*. 193. 

202*. 203. 446. 

Leucocytic reaction 197. 
Leucocytoflis. 165. 192. 190*. 205. 
308. 

Leucopenia. 165. 

Leuknmia. 193*. 413. 

Levator ani. 121. 122*. 

Levulose. 159*. 160*. 161. 165. 
301*. 

Lewis. $rT. 291. 349. 360. 351. 
352*. 354*. 359. 363. 368. 369. 
370. 408. 

Lbyton. 11. 18. 28. 29. 

Liebig. 190. 232. 

Life inaurance and albuminuria. 
227. 228. 

glycoBuria. 268*. 

proposals and misuse of 

.champagne 203 
ligaments. 124. 125*. 130*. 256. 
Limbic bands of the auricle. 414*. 
416. 

Lime deficiency. 461. 

— salte. 138. 443. 

— starvation. 452. 

Lipamia. 231. 

LipMe. 103*. 

Lipoids and the tissue cells. 231. 
Liqnor ammon. acet. 246. . 

— lerriacet. 246. 

— pancreaticus and rectal feed- 
ing. 70. 78. 70. 

Lithm.200. 


Lithium salts in gout. 199*. 200. 
Liver, The. 125. 142. 140. 154 et 
sqq. 102. 165. 174. 175. 260. 
299*. 310. 

, Activity of. 155. 

, Adhesions to. 89. 

1 Antitoxic functions of. 104 

et sqq. 

power of. 161. 164. 

and bacillus aerogenes oapsu- 

latuB. 318. 

bile salts. 109. 

bilirubin. 175. 326. 

and carbohydrates, 159 et 

sqq. 

, Carcinoma of. 146. 

cells 104 100. 

of a child 31. 

— — and cholesterol esters 103. 

, Cirrhosis of 60. 88. 167. 

178. 170 328 et sqq. 

congested. 374. 

and cyanosis 100. 327. 

defective. 169. 

, Degenerations of. 157. 294. 

298. 

, and detoxication. 154. 260. 

310. 

, — diacotic acid. 284. 

, Diastatic functions of. 160. 

, Enlargement of 180. 

, and fat. 162* 298 299*. 

— fatty. 31. 162. 179. 298*. 
328 

, Functional efficiency of. 

158. 160. 162. 

, Glycogen in. 139. 159 161*. 

269. 261*. 

, and hsBmatemesis. 157. 

, — hepatic activity 155. 100. 

, damage. 155. 

, disease. 157. 

, disintegration. 167. 

• — hydrazine phosphate, 148. 

, — hjrperplasia. 155. 

, Kuptveb cells of. 174*. 170. 

178. 

, and the lipase test. 163*. 

, and metabolism. 155* et 

sqq. 199. 210. 310. 

, and the nitrogen partition 

test. 158. 
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(Uv 0 r»The), Ozidasat of. 891. 299. 

— — ^ and the penoreai. 164. 

, Frotoplaem of. 298. 

• and purine. 167. 190. i91. 

196*. 196.* 197*. 204. 

9 Short-oiroaiting of. 414. 

— — > and sugar. 203. 

1 — thyroxin. 10. 

k — toxins. 183. 294. 328. 

urea. 167. 168*. 294. 

296. 

,—urio acid. 167. 168*. 201. 

210 . 

Llxwxllym on gout. 198. 

Looxi on dextrose. 345. 

Loxwi. 40. 146. 149. 260. 
Lonobidoi on eclampsia. 306. 
Lordosis. 9. 

Louping-ill " disease. 320*. 
Luox on heart-block. 369. 

Lumbar nerves. 370. 

— plexus. 379. 

— puncture. 184. 387. 

Lumen. 110. 112. 110. 174. 416. 
LuiTDSQaARD on cyanosis. 409. 
LungSp The, and Bacillus aero- 

genes oapsulatus. 318. 

— — » Blood supply of. 381. 410. 
, Engorgement of. 388. 389. 

390. 

• Fibroid change in. 417. 

— — I and hnmorrhage. 320. 

— — , — hyperpnosa. 421. 

» (Edema of. 186. 261. 389. 

— Tissue of. 409. 

» Vasomotor system in. 381. 

— — • Von^^tion of. 289*. 410. 
Lupus vulgaris. 9. 

Lycopodium. 143. 

I^ph flow. 374. 

— and the prickle cells. 184. 

— spaces. 400. 448. 

— snd uric acid. 198. 
l^phatio glands. 174. 182, 
I^phatics and lymphatism. 41. 
I^phoid tissue. 43. 

Ltoh on the bile. 171. 

MacCUllah on adrenalin. 26. 
McOabbisov. 7. 430. 

MoOoLLVM on vitamins. 430 


UAOKnrm, Hiotob, on Graves' 
disease. 12. 

,8ib Jamm, 348*. 360. 363. 
366. 300. 307. 

Maokshsi's polyffn^h. 337*. 
Maouax. 169. 101. 2dO. 239. 
MgNu on t^e liver. 174. 176. 177 
kgnesia. 08. 71*. 162. 213*. 334. 

— cream. 71. 

— losei^. 71. 

Magnesium and calcium* 303. 464. 

— carbonate. 303. 449. 

— citrate. 334. 

— phosphate. 214. 215. 

— salto. 61*. 449. 454. 

— soap. 108. 

Sub-arachnoid injections of. 
466. 

— sulphate. 171.464. 466. 

— ana tetanus. 465. 

Maovibb. 211. 214. 

Mahomid on acute nephritis. 309* 
Maldxh on colchioum. 202. 
Malignant disease. 00*. 06. 06. 

134. 440. 

— tumours and calcium salts. 
441. 

Mammary gland during preg- 
nancy. 38. 266. 

Man^ese dioxide. 332. 

Manm in ovarian and uterine 
disease. 38. 

Maitv, Gustav, on the red cor- 
puscles. 412. 

Mannitol. 400. 

Manometer. 380. 396. 397. 398 
399. 400. 

Marasmus. 11 1 et sqq. 

Mabit on the heart. 349. 
Mabbiott. 14. 291. 

Mabshall on the ovary. 37. 
MabtiiTi C. J., on citrates. 218 
444. 

— * SiDinnr. 319. 336. 

Massage, Abdominal. 100. 102. 

106. 119. 123. 126. 129. 
Mastication. 331. 

Masti^. 120. 186. 

Matbdob on heart-Uock. 369. 
Matthxw on amyl nitrite. 400. 
MBAxnn on oxygen inhalation. 
423. 
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MmiI b BAiDinv’s oxtbteJrM 
dlat.M».210. 

— — hkwd'pmran. 401. 

-,BoHfaigo{.M. 

-bdblMto.875. 

178. 

dynwiMb. 73. 100. 

gMbb Jvlee. 43. 47 05. 

70.80. 

aloer. 80. 

HCl. 65. 

. Parin content of. 100. 

, — inoreaMd output after. 

107. 

and urea. 237. 

uric acid. 100. 106*. 

Value of. 56. 

Finely ^vided. 817. 

— and gaitrio secretion. 48. 47. 
55. 60. 

gaitrio ulcer. 80. 

-Juice. 43.100.114. 

Minced. 50. 106. 150. 

— and neidiritli. 230. 248. 

— In phoiphaturia. 210. 

— coupe. 55. 

Mechanical factors in digestion. 
06. 123. 

indigestion. 06. 

— stimulation of gaitrio mucosa. 
47. 

— supports. 335. 

Mediastinal inflammation. 417. 
Medulla. 183. 263. 383. 386. 386. 
MeduUaiy centre. 376. 302. 
Melana. 00. 

Melancholia and uterine disease. 
38. 

Mnlanr on rickets. 437. 
Miltid on magnesium sulphate. 
454. 

Memory, Loss of. 0.218. 

Mihdil on Titamins. 437. 
Meninges and serous hamorrhsge. 
450. 

Maningltia. 35. 263*. 348. 
Mcosonha^. 442. 451. 
Menskuafion. 37. 

M^tal changes. 251. 

— depiesahm. 310. 331. 451. 
Menthol. 188. 332. 


Mercurial noiionini 
— purge. 204. 
-salts. 260. 


1.228. 


-stomatitis. 187. 

Mercuric chloride. 318. 

Muma. (8u Vox Mnoro "). 
Mesenteric attachment. 124. 
Mesentery. 125*. 

Metaholism. 7. 10. 11.* 43. 01. 62. 
70. 182. 140. 180. 106 to 100. 
202. 208. 205*. 208. 218*. 210. 
220*. 241. 248. 255. 266*. 281. 
300. 302. 402. 438. 441 et sou. 
— ,Oarbohydrate. 33. 141. 142* 
164. 208. 261. 265*. 260. 207. 
280. 287*. 301*. 461. 

— and diabetes. 271*e 

— — the urine 310. 
Mitohxiko??. 308. 312. 331. 832. 
Meteorism. 140. 

MethAmoglobin. 323*. 324*. 400. 
410. 

Methmmoglobinnmia. 824*. 827. 
400. 

Methyl purins. 100*. 

Methylation. 164. 300. 

Mitxr on diacetio reaction. 287. 
MiTiBHOf on dyspnoea. 420. 
Microbes. 308. 3^. 835. 336. 

— , Bacteriolysed. 328. 

— and blood-stream. 830. 

Miorobic cyanosis. 323. 400. 
Micturition. 211. 212. 

Migraine. 233. 203. 

Mon, W. E., on intestinal stasis. 
130*. 

Milk in Baldwix's oxalatc-frec 
diet. 200. 

— , Breast. 8. 184. 462. 

— ,Citrated. 188. 213. 

— , Condensed. 447*. 

Cow's. 443*. 

—.Curdling of. 188. 213. 443 el 


-Tit 


and defectlTe o xi dation. 


208 

bdblMtM.S74*.M0. 


— — — djipepiU. 72. 

— — — gHtrie alow. 87. 

[MBdloe. 187.188. 

DMdiritta. 881. 215. 288* 

248. 
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(Milk diet) and thromboBu. 447*. 

— digestion. 47. 

— , Dried. 440. 

— enema. 80. 

— , Goat's, Thjroideotomiaed. 13. 
— , Panoreatized. 79'. 84. 

— , Peptonized. 77 317. 

— in phosphaturia. 210. 

— , Purin content of. 101. 

— and Bouryy. 440. 

— secretion. 34. 47 
— , Soured. 02. 333*. 

— in stenosis. 114. 

— , Sterilization and. 440*. 

— , Ulceration and. 85. 

MiLLiB. 78. 350. 

Minkowski, 140. 200. 211. 

Mitral Btenoau. 353. 355. 365*. 
371. 388. 

Mongolian idiots. 8. 
Monosaccharides. 159. 256. 

Monro on hB)matoporph 3 rrinaria. 
327. 

Monson on vasomotor nerves. 384. 
Moona, B. 61. 206. 

— , Cbavin. 47. 62. 72. 

Morphia. 74. 86. 254. 

Morphine. 164. 

Mottram on vitamins. 437. 
Mouth, Epithelium of the. 318. 

— hygiene in gastric affections. 
67. 

— and nitrifying bacillus. 325. 

— wash with glycerme. 83. 
Motniuan 02. 64. 74 101. 

Mucin. 68. 166*. 206. 

Mucosa, Gastric. 47. 60. 

— , Intestinal. 133. 152. 

— , Nasal. 5. 

— , Uterine. 38. 

Mucous oolltls. 89 127. 335. 

— gastritis. 105.210. 

— membrane. 48*. 73. 114. 126. 
133. 308. 310. 370*. 

Mucus, Bronchial. 18C 
—, Nasal. 185. 

— , Outpour of. 136. 

— solvents. 187. 

— in the stools. 322. 

Multiparous women. 122. 
Mumhdy, Lockhart, on the 

colon. 120. 


Munx on fistula. 78. 

Munbo on the brain. 383. 
Murezide reaction. 207. 

Murmur. Cardiac. 337*. 353*. 

— , Presystolio. 353. 355. 

Mubfhy on the intestine. 115 
MnBole(s). 34*. 43. 51. 07. 116. 

124. 102*. 266*. 267 369 
— , Auricular. 330. 354*. 356. 

— ,C3ardiac. 337. 339. 340*. 341. 

343 et sqq. 356. 367. 372*. 

— , Circular coat of the. 118 120. 
-fibres. 143. 340*. 341. 344. 346. 

— of the gall-bladder. 170. 

— , Heart. {8te “ Heart ”). 

— , Intestinal. 168. 

— , Nuclei. 143*. 150. 100*. 192. 
— , Papillary. 340*. 

— , Paretic. 34. 

— , Plain. 07. 202*. 376. 

— , Recto-coocygeus. 121. 

— , Uterine. 34. 

— , Ventricular. 339 313. 

— of the villi. 168. 169. 

— , Voluntary. 122. 342. 

Muscular activity. 205. 

— coat. 113.377 378.302*. 

— compensation 372 et sqq. 

— contraction. 420*. 

— debility 124. 

— degeneration and calcium salts, 
441. 

— energy. 257. 265. 266. 

— exercise. 106. 108. 

— exertion. 212. 

— fatigue. 310. 

— fibre. 307. 

— hypertrophy. 112*. 122. 402. 

— pains. 126. 

— processes of digestion. 427. 

— sphincter. 127. 

— stiffness. 369. 

— tissue. 3. 112. 361. 

— tone. 383. 

— twitching. 104. 

— waves. 120. 338. 

Mutch on dextrose. 77. 

Mydrifsis. 146 
Myelogenic leukmmia. 413. 
Myoomdial deraeration. 364. 
Myocarditis, Tcxic. 367. 
Myocardium. 348. 356. 350. 374. 
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llyoclonio moyements. 19. 
ilyzoBdema. 8. 9*. 11. 12. 18. 
260*. 407. 

Naphthalene tetrachloride. 332. 

Narooiis. 290. 

faeal catheter. 422. 423*. 

- troubles. 426. 

Naso-pharynz. 423. 

Nattivyn on glycosuria. 267. 
i^ausea. 126. 285. 203. 295. 366. 

367. 412. 

e^eorosis. 24. 31. 32. 137. 138*. 

177.294. 296.298. 318. 360. 441. 
Nephritic kidney. 228. 

Nephritis. 234 et sqq. 270. 

Acute. 239. 242. 243. 244. 245*. 
250. 

, Tension in. 398. 

- and albuminuria. 222 et sqq. 
236 236. 237. 

Azotnmio. 230. 246. 

- and blood-pressuro. 398. 
serum. 230 

Chronic. 228. 247. 

p Conventional treatment of. 

231 

- — , and purins. 248. 

— p Diaphoresis in. 246 et sqq. 
Dropsical. 240. 

Dropsy in. 230*. 

Dru^ in. 244. 

— » Elimination of, (by the skin). 

240 et sqq. 

— p Hydramic. 230. 

-.Interstitial. 218*. 246*. 251*. 

252*. 402. 

— , Organic. 227. 

— p Parenchymatous. 105. 230*. 

232. 242*. 244*. 245*. 323. 

— « Post-scarlatinal. 227. 

- Progressive. 228. 

- and protein. 230. 231. 

— p Saline diuretics in 245. 246. 

- and salt. 230. 231. 237*. 238*. 
248t. 

- and septic oomplioations. 262. 

—p War. 9 

Nerve(a)p Accelerator. 451. 

— • Afferent. 378. 391. 

— p Aurioulo-temporal. 377. 

-cell. 376. 


INerve(s)] centresp Infiltration of. 9. 
*p Chorda tympani. 377. 

— , Constrictor. 377*. 378*. 

— , Depressor. 370 391*. 

— , Dilator. 377. 

— , Efferent. 377. 378. 

— ending. 307. 

— , Extrinsic. 167. 

— , Laryngeal. 42. 

— , Lumbar. 376. 

— , Motor. 200. 

— , Optic. 35 

— p Pressor. 378. 370. 

— , Sensory. 378*. 370 
— p Septal 338. 

— .Splanchnic 116* 261. 

— supply. 267. 

— , Sympathetic 12. 17* 19.20. 
22. 27* 28*. 31. 116. 117. 167. 
265* 341.376 

— p Vagus. 20. 22. 42*. 46*. 48. 

97 116.167 183*. 265. 341. 

— p Vasomotor 224. 381 et sqq. 

— , Visceral. 377. 

Nervous conditions and para- 
thyroid extract. 15. 

— energy. 266. 

— factor in blood -pressure. 302-3. 
gastric digestion. 45 et 

sqq. 52 et sqq. 

— irritation. 261. 

— lobe 32. 

— mechanism. 4. 02. 134. 392*. 

— reflex. 60. 72. 

— stimulation 2 17. 134.263. 

— symptoms. 149. 212*. 318. 321. 
-system. 2. 3. 4 8. 11. 12. 14. 

17*. 62. 113. 119. 167. 260. 
267. 432. 

p Central. 183. 341. 376. 377. 

426*. 430. 

p Sympathetic, 17*. 111. 263. 

338. 

— tissues. 424. 

Neuralgic pains. 212. 400. 
Neurasthenia. 210. 219. 314. 434. 
Neurasthenics. 63. 104. 348. 
NeuritiSp Diphtheritic. 97. 
Neuropaths and asthma. 426. 
Neurotic origin of pernicious 

vomiting 294. 

Neurotics. 224. 
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Ntootlne and pnnotare glyooiurU. 
261. 

Nitrites. 828. 824. 825*. 888*. 406. 
Nitro-glyoerine. 406. 

Nitrogen, Ammonia. 206*. 806. 

— diet. 240. 241. 242*. 248. 296. 

— eoonomy. 288. 236. 

— exoretioa. 166. 242. 246. 286. 
204. 802. 

— and the foDtos. 168. 

-lou. 302. 

— partition test. 168*. 160. 

— retention in nephritis. 230. 231. 
230. 242. 243. 240*. 262. 

— starvation. 248. 

— , Unknown, in nriemia. 240*. 

— . Urinary. 81*. 82. 168. 204. 
Nitrogenons absorption. 81. 

— equilibrium. 76. 80. 242. 

— ezoretion. 168. 236. 236*. 

— food. 81. 288 to 243. 

— metabolism. 48. 70. 

— organio bases. 03*. 

— output. 81*. 82. 168. 271. 206. 

— waste. 7. 

Nitrohydroohlorio aoid. 68. 188. 

210 . 

Noobdiu. (Set ‘‘VoH 
Noobdbh *'). 

Nose disease and adrenalin. 26. 
Novooaine. 26. 26*. 

Nuclei. 143*. 160. 100*. 102. 
Nucleins. 103. 196. 108*. 100. 
Nuoleo-protein. 103*. 216. 266. 
810. 

Nutrient arteries. 860. 
'^enemata. 76. 77. 70*. 82. 84. 
88. 80*. 00. 

Nux vomica. 68. 210. 

Oatmeal 68. 101. 208. 237. 272. 
301. 

Obibmatib'b test for indiean. 818. 
Obesity, 7. 178. 261. 

Ochronosis. 266. 

Occult blood. 66*. 66. 
ddema. 280. 287. 238. 280*. 
244. 246. 247*. 460. 
Anglo-neurotio. 448. 

— d^efogs. 170. 

hings, 186. 261. 888. 

880. 800 416. 422. 


(Bsofdiageal carcinoma. 201. 

— 'Obstruction. 84. 

— peristdsis. 00. 

— stricture. 287. 

(Esophagismus. 09. 

(Esophagus. 46. 40. 67*. 08*. 
Oligocytonmia. 410. 

Ouvn. 16. 406. 

Omentum. The. 130. 320. 
Operations, Bleeding during. 419 
—on children. 207 to 200.306.30G*. 
— , Short-circuiting. 120. 128. 131. 

836. 

Ophuls on the nutrient arteries 
369. 

Of». E. L. 138. 141. 142. 

Opium poisoning. 21. 

— tincture. 70. 80. 

Oppleb-Boas bacillus. 02. 

Oral sepsis. 328. 

Oroin. 266. 

Organic albuminuria. 226*. 228 
et sqq. 

— extracts. 48. 

— poisons. 808. 

— salts. 216. 230*. 
Organo-therapy, Antitoxlo. 13. 

— , Biochemical apparatus in. 4. 
— , Cytolytic. 13. 

— in Oraves* disease. 12*. 

— • Observations on results of. 43. 
— , Principles of. 1 et sqq. 
O^opnosa. 866. 417. 

Orthostatic albuminuria. 226. 228. 

— hour-glass stomach. 100. 
Osbobh on vitamins. 487. 

OsLBB. 270. 404. 411. 412. 417. 
Osmosis 246. 

Osmotic blood-pressure. 280*. 244. 
247. 

Osteomalacia and calcium. 442. 
Otitb media in diabetes. 270. 
Ovarian disease. 38. 

— extract. 88*. 480. 

— secretion. 87. 38. 

Ovariotomy. 88. 

Ovary, The. 37. 442. 

Oxalate, Caldnm. 207*. 200*. 211. 

— oahmU. 207. 208. 212. 214*. 

— mtab. 206. 207. 200. 218. 

— b Food containing. 218^ 
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OnUte-free diet, Aaliiwih’8. 8M, 
910. 

OnU6e.S08*et8qq. 444. 

OnlSe ftdd. 900. 910^. 911*. 

and oarbohydntee. 319. 

Oielorla. 200. 908 et sqq. 

— end oerbohydretee. 144. 310. 

— end neoreetheniee. 210. 
Ozideees of the liver. 201. 200. 
Oxidetion. 104. 208*. 300. 313. 
Oxybotyrio eoid. 203. 

Oxygen. 288*. 345. 400. 410*. 
413. 410. 418*. 420*. 422*. 428. 

— beg. 423. 

— exmenge of castrated animals. 
40. 

^ and hamoglobin. 327. 408. 

high blood-pressure. 401 . 

inhalations. 413. 422. 423*. 

— want. 280. 292. 

Oxygenation. Defective. 410. 414. 

410. 418*. 410. 421*. 422*. 
0]^hamoglobin. 325. 408. 400. 

Oxyntin. 08.100.151. 

Oxypnrins. 154. 

PXssuB 6n aonte infections. 300. 
Pallor. 35g. 

Palpitation. 104. 350. 300. 
Pancreas, The. 132. 136. 1.38*. 
130*. 140*. 142. 144. 148. 140 
250. 266*. 266*. 

,CeU.islets in. 140*. 141*. 

142. 140. 260*. 

, and diabetes. 130 et sqq. 

250*. 260. 263. 265*. 

, — diastase. 148. 

Glycerine extract of.* 135. 

. Growth of head of. 170. 170. 

259. 

. end insulin. 141. 

, Lesion of. 145. 151. 

, end the liver. 154. 

— — metabolism. 132. 140. 

• — neoEosis. 138*. 

, — the snpraienels. 140. 

— — w ■^synhiliB. 135*. 

-=i-dr^i!i34.209f 
PUieiealioealoiSl* 137. 

— oatanh. 137. 
cysts. 138. 


^encieatio) digestion. 70. 84. 134. 

135. 138*. l£i. 446. 

T- disease. 142. 149. 150*. 260. 
264-5. 

— duct. 138. 141. 143*. 148. 153 
154. 259. 

— extract. 84. 281. 

— ferments. 135. 137*. 130. 160. 

— fistula. 134. 

— gland. 136. 137*. 138. 1.30. 140*. 
143. 152. 

— glycosuria. 134 13.3*. 140. 143*. 
146. 

— heBmorrhage. 137 . 140 . 

— inadequacy. 113*. 134. 135*. 
143 et sqq. 163. 100.250. 

— infantilism. 134. 

— juice. 07. 68. 75. 78 80. 100*. 
132*. 133. 134*. 136*. ,137. 
138. 130*. 143. 160. 163. 154. 
168. 160. 215. 445. 

-Uquor. 75. 78. 70. 

— mucosa. 60. 

— reaction. 130. 140. 148-0. 

— remnant. 267. 

— secretion. 2. 58. 60*. 60. 132*. 
133*. 134*. 136. 130. 140. 141. 
142. 143. 144*. 140. 148. 161. 
107. 100. 264. 265. 266. 

and sugar. 140*. 263. 265. 

— tumour. 250. 

Pancreatitis. 127. 141. 144. 146 
148*. 152. 210. 

Pankieon. 152. 

PapUla. 130. 

Papular eruptions. 357. 
Paracentesis. 426. 

Paraffin, Liqpid. 128. 120. 339. 
Paraganglia, Sympathetic. 17. 
Paragangline. 17. 20. 

Paralysis. 117. 327. 426*. 454*. 
Paralytic chorea in sheep. 320. 

— distension in fibrillathm. 355. 
Parasympathetic system. 377. 

427* etsqq. 

Parathyroid. 13 et sqa. 443. 448. 
Pabdivotox on microDio cyanosis, 
327. 

Paienohymatous glandular en* 
largement. 36. 

nephritis. 105. 230. 232. 949 
2U. 245. 323. 
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Parotid glanda. 377. 

— Baliva. 453. 

Parotitis. 83. 

Pastbub, W., on water cnomata. 

79. 

pATBBSON, Pbtbr, on magneBium. 
455. 

Paton, E. P., on perigastrio ad- 
hesions. lOi. 

— , Nobl. 14. 40. 

Pavlofit 45. 56 57. 07. 69. 72. 

80. 132 136 168. 

Pavy. 264. 270. 290. 

Pelvic brim. 124. 125*. 

— colon. 121*. 123 125*. 130 

— shelf, Rectification of the. 130 
131. 

Pelvis. The. 124. 125.220. 

Pentose. 130. 149*. 250. 
Pentosuria. 156. 197. 

Pepsin. 47*. 48. 55*. 50. 57. 68. 

00 67. 68*. 

Peptic ulcer. 131. 

Peptone 232. 309. 310*. 
Perforation. 120. 398, 

Pericardial adhesions. 410. 

— effusion. 375. 

— sac 376. 

Pericardium, Adherent. 410. 
Perigastric adhesions. 101*. 103 
Peripheral circulation. 410. 

— field. 404*. 

— irritation. 433. 

— resistance. 391. 392. 402. 

— stimuli. 424. 425. 420. 

— vessels. 392. 

Periphery. 419 

PerUtalsis. 10. 20. 52. 86. 97*. 08*. 
• 99. 103. 110*. 117*. 118*. 119 
121*. 127 128 107*. 168. 173. 
453 

Peristaltic rush. 118. 120. 

— waves. 61*. 97*. 100. 104. 107. 
no*. 112 116*. 118. 119. 121*. 

Peritoneal band. 125. 

— coat. 113. 

— fluid. 321. . 

Peritoneum. 130. 

Peritonitis. 89. 329. 

— , Tuberculous. 127. 

Pernicious annmia. 60. 178. ISO. 

184. 328. 


(Pernicious) vomiting of preg- 
nancy. 283. 201. 293. 
Phagocytosis. 174. 

Phenol. 164. 201.312. 315*. 
Phenelphthaleln. 66. 93. 
Phenoquin. 201. (Su aUc 
“ Atophan *’). 

Phenyl-chinolin. 201. 
Phenyl-hydrazine. 257. 

Phlebitis. 319. 

Phloridzin poisoning 258. 
Phloroglucm. 03. 

Phobia. 420. 

Phosphate, Acid. 214. 280. 292. 

420. 421. 

— , Administered. 219. 

— , Alkaline. 216. 

— , Ammonio-magnesium. 215. 

— of the brain. 216. 

— , Calcium. 214. 215. 

— , — balance and 438. 

— , Circulating. 219. 

— , Earthy. 214 215 216. 

— excretion. 210 219. 

— , Magnesium. 214 215. 

— , Potassium. 214 215 
—.Sodium. 214. 215. 251*. 408 

421. 

— , Triple. 216. 216*. 218. 

— in urine. 203. 214. 313. 
Phosphatic deposits. 206. 219. 

— loss. 219. 

Phosphaturia. 206. 214 et sqq. 

— and neurasthenics. 210. 
Phosphorus. 162*. 176. 200. 
PhthU.2. 162. 388. 
Physostigmin. 360. 

Pigmentation. 28*. 36. 409. 
Pigments, Fluorescent. 326. 
Pilocarpin. 185. 

Pineal cyst. 202. 

— gland. 262. 

Piperazin in gout. 200. 

Pituitary hSlj. 32 et sqq. 201. 

202. 263. 

— defloienoy. 30. 

— and diabetes insipidus. 36. 

— extract. 33*. 30. 

— ^d. 6. 33. 35. 201.205. 

— and glycosuria. 36. 201. 262. 

— infundibulum. 442. 

— and piegnanoy. 30. 
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Pituitary secretion. 32. 34. 35. 
30*.s£61.262. 

— stimalation. 430. 

Pituitrin. 5. 22. 20. 32 et sqq. 

— and adrenalin. 22. 430. 

— ^ the bladder. 35. 

outaneouB tissnes. 33. 35. 

— ioses. 30. 37. 

— and ergot. 87. 

ezpphthalmio goitre. 37. 

the eye. 35. 

the heart. 34. 

insalin. 261. 

intestinal hnmorrhage. 37. 

paresis. 36. 

polyuria. 35. 

the^xufl^ organs. 33. 

shook. 34. 36. 37. 

the urine. 35. 

-j uterus. 34. 

vasomotor centre. 397. 

Plaoontal circulation. 414*. 

Plaitt, on adrenalin. 24. 

Plasma. 44S*. 

— , Thrombogen in the. 440. 
Platelets, Thrombokinaso in the. 
440. 

Pleura, Peripheral irritation of 

the. 420. 

Pleural cavity. 185. 

— effusion. 410. 

— sac. 410. 

Plexus, AtTIRBAOH*S. 110. 

— , Cervical and solar. 133*. 140. 
377*. 

PuMMiRonpurins. 105. 106. 
Plombidres douche. 334. 405. 
Pneumonia. 21. 400. 422. 451. 

* and blood -pressure. 308. 

bronchitis. 185. 

— — cyanosis. 418. 

jaundice. 176. 177. 

— , Uric acid in. 102. 
Pneumothoraz effusion. 410. 
PoiHLon spermin. 40. 
Poikilooytosis. 170. 

Poisoning, Adrenalin in. 21.42. 

— . Arsenical. 308. 

— . Bacterial. 309. 

— of the brain. 252. 

— i Chloroform. 21. 163. 


(Poisoning), Cyanide. 308. 

Diacetic. 202. 

— , Gas. 370*. 408. 

— , Lead. 108. 308. 

Mercurial. 228. 

— , Phloridain. 258. 

— , Phosphorus. 162. 163*. 177 
— , Post-aniBsthetio. 161. 163 201. 

200. 305. 

— , Protein. 308. 

— ,Salvarsan. 160. 163*. 177. 180. 
— , Sulphonal. 326 
— , Tetraohlorothanc. 162. 

— , Tetronal. 326. 

— , Toxic. 321. 

— , Trional. 326 
Polychromia. 185 
Polycythiemia. 180. 181 410*. 

411*. 412. 416*. 417. 419*. 

— Splenomegalio 41 1 et sqq. 
Polydipsia. 246. 

Polyglandular hypothesis of dia- 
Ijetes. 207. 

Polypeptides. l.W. 

Polyuria. 35. 240 
Porphyrinuria. 157. 

Portal area. 328. 

— blood. 320*. 328. 

— obstruction. 149. 

— reservoir. 382. 

— vein. 140 157. 174.263. 
Post-anesthetic glycosuria. 253. 

— ketosis. 297. 

— poisoning. 161. 163 291 200.* 
305. 

— vomiting. 306 
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Potassium citrate. 203*. 213*. 

214. 245*. 302 303. 444. 
Indoxyl-snlphate of. 313. 

— iodide. 405 406. 

— permanganate. 83. 105. 

— phosphate. 214 215. 

— salts. 344. 346.444. 45f. 

— snlphate. 328. 

PouLTOK. 103. 273. 202. 

PowiB, Sib D'A., on albuminuria. 

222. 223. 

Pomroir on sodium citrate. 444. 
Precordial pain. 360. 

Preoordium. 352. 

Pregnancy and abortion. 38. 
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(PvBgiiuiej)» Albuminuria of. IL 

— and aothma. 430. 434. 

— — blood-preiiure. 300. 

oaloium. 438. 442. 

— — glyooiuria. 266. 

. Labour and. 34. 206*. 

^ and laotoie. 260. 

— , Mammary hypertrophy in. 38. 

— and nephritis. 228. 

.-—I OFaries and their extirpation 
in. 37. 442. 

— and phosphates. 216. 

— , Pituitary body in. 36. 

— and pituitriu. 34. 

— , Repeated. 124. 

Renal fnnotion in. )60. 

— and the thyroid gland. 11. 

— » Tozmnia of. 163. 260. 300. 

— and urea secretion. 168. 

— — the urine. 210. 

Titamins. 438. 

— • Vomiting in. 283. 201. 204. 305. 
Prasure bottle. 384. 

— stasis. 418. 

. Presystolic murmur. 353. 366. 
Prodromal period. 203. 304. 
Proptosis of the ligaments. 130. 
Piostatio origin, Retention of. 262. 

— trouble. 262. 

Prostration. 327. 

Protein. 4. 8. 17. 61. 61. 60*. 73. 
80. 82. 84. 86*. 03*. 160*. 232*. 
230. 271*. 304. 300. 434*. 443. 
Absorption of. 76.46. 169. 

— ^ Anlm.l 05 , 

— aadtheUl.. 167.168. 

Blood. a|9*. 

— bntkdoira. 167. 
ifliaad oubohj^tM. 69. 70. 
198.860.966.443. 

OMoiaonn. 76. 160. 

— t Oootliig qI the. 178. • 

— endoyitln. 290. 

diebetee. 140. 808. 

— diet. 166. 167. 168. 881 et eqa. 
978. 436. 

— diction. 189. 166. 817. 

— eieeee. 166. 888*. 884*. 886. 

— , Foieto. 808. 484*. 486. 486. 

487. 4S. 488*. 

— • Glyoo.. 864. 

— inteke. 881. 813. 848. 880. 300. 


(Fntelii) keteboliim. 197^ ' 

— mokonle. 166. 288. 866. 26i* 
878. 880*. 

— end neiriiritle. 880. 881. 

— in nitrogen (lov)diet. 240. 

— . Nnoleo*. 198*. 216. 266. 310. 

— end penoreetio diieaee. 160. 
liquor. 76. 

pepem..l60. 

— , Peptonlsed. 84. 

— eadputrefeotion. 311. 812. 333. 
anger. 282. 266. 

tiaanea. 186. 220*. 289*. 

tiypain. 187*. 

— • Vmteble. 66. 

Pioteinurie. 224. 

Protene. 86. 

Pioteoaea. 166. 81U. 

Pruritoa. 10. 11.* 188. 184*. 186. 

188. 240. 

Paorieaia. 9. 10. 

Payohio trenme. 420. 

Payohioel atimnli. 424. 426*. 
Fayohoaea. 40. 

Faynhotherapy. 424. 

Ptoaia. 120. 

Ptyalln. 02. 130. 144. 161, 
Pnerperel eolqmpaie. 462. 

— atete and oeimum. 462. 
Pnlmoneiy eatery. 372. 410. 414. 

415, . 

— eireuletlon, Reaiatanee in. 417. 

— cademe. {8te “ (Edema of thr 
Lnnga"). 

— tuberonloaia. 48. 

— turgeaoenoe. 388. 

— Telvea. 416. 

— Tolna. 414. 


— veaaeb. 388*. 880. 

Pnlae, Alternating. 803. 804*. 8e& 
Arterial. 806. 

— > Bljpuninal. 864. 

— ,aarotld.847. 

— ) Diorotia. 18). 

— . haquaiiqy of the. 801 
— . Irra^. 847. 364. 360*. 

— k RaSal. 3^, 361*. 361 366. 

Sapid. 99r. 391 
— reoord. Value of. 891 
Blow. 181 368*. 861 
396. 

. 340. 360. 801 
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Pobu dtemuu. SM. W et iqq. 
Ponotund dram in diabetes. 279. 
Poigatioa. 334. 330. 458. 
Pamtira, Aotion of. 118. 120. 
294. 331*. 334. 

Piirm(8). 54. 172. 189 el iqq. 809. 
— , Ammo-. 190. 

— bodies. 157*. 189 et sqq. 204*. 
205*. 237*. 310. 

— p BAi|id. 190. 

— and oarbohvdrates. 103. 

— — cellular foods. 237. 
—.Endogenous. 190. 102. 199. 

202. 203. 

—.Excretion (output) of. 195*. 
196*. 197*. 200. 

— . Exogenous. liX>* to 192. 108. 

— free diet. 54. 192. 194. 107. 
201*. * 

— and gout. 107 et sqq. 

— infection. 197. 

— intake. 101. 193. 106. 190. 200. 
205*. 

. Katabolixing of. 108. 

metabolism. 196. 197. 206*. 

— , Methyl. 190*. 

— and nephritis (chronic). 248. 

— output. Excretion*'). 

Oudation of the. 105*. 

— and proteins. 193. 

Purinometer. 205. » 

PuRxiBJi oiUAe sheep's ventricle. 

341. 

Purpura. 24. 449. 

Purpuiio eruption. 24. 

Pusp Local oolleotiona of. 369. 
PntrefaoflTe bodies and high 
blood-pressure. 402. 

— prooesses and productsp 168 
pet^SOO. 311 el sqq. 829. 

l^lonep^is. 319. 

P^phlebitiBp Snppurattra. 181. 
P/ioreotomy. 13^ 

P^rio antrum. 51. 

— glands. 48*. 49*. 61. 109*. 

— mucous %en4isane. 48. 

— oiito. 132. ^ • 

-spasm. 59. 68*. 112. 118. 116*. 

— moTto. 

-ipUneter. 21. 27. 51*. 52. 58. 
118. 182. 170. 


Pylorus. 64. 103. 109*. 111. 117 
125*. 

Closed. 63. 115*. 132. 

^ sis of the. 60. fu . 445 ! 

— , Kinking of the. 105. 

—, Obstruction to the. 84. 91. 
107*. 108*. 

Pyorrhesa. 67. 104. 308. 323. 329. 
Pyramidon. 265. 

Pyrexia. 179. 279. 297. 
Pyrocatechin. 16. 

P^sis. 64. 

Quadriurate of soda. 200. 

Quxmxb on blood sera. 176. 
Quinidine. 356. 

— sulphate. 357. 

Quinophan. (S$e also 
“ Atopnan "). 201. 


Raltb on phosphaturia. 218. 
"Rami communicantes. 370. 
Raustxd's operation. 113. 
Rabkixo on microbio cyanosis. 
327. 

Rash. 249. 431. 

Raynaud's disease. 381. 418. 
Riach on dextrose. 77. 

Reactionp Acid. 291. 334. 

— of blood sera. 175 to n7. 180 
290. 335. 

— p Body. 309*. 

— p Cammidob’s pancreatic. 139. 
148-9. 

— p GeUular. 194. 

— p Diaeetio. 287. 

— of the faces. 334. 

— p Ferric chloride. 283. 265. 

— p IndiM. 314*. 

— p Lsucecytio- 197. 

— p Panoieatlo. 139. 146. 148-9. 

— p Prussian-blue. 175. 

— p Reduction. 309. 

—p Skin. 432. 433*. 

—p Urine. 294. 313. 

— p WASSxniiini's. 35. 182. 868. 
Rectal absorption of carbo- 
hydrates. 77. 

— — -fat. 78. 

— — — pioteinsi 75. 76. 
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(Reotal abiotptlon) of aalt. 79. 

““ wfttcFi 79> 

— feeding. 74* et sqq. 283. 286. 

: praotioal deductions. 82. 

, Vomiting in. 83. 

— injections. 120. 300*. 

— ealines. 79*. 81. 82*. 88. 306. 
Recto-cocovgehs muscle. 121. 
Rectum, Tno. 119. 121*. 122*. 

123*. 303. 304. 306. 379. 386. 
427. 

Rectus abdominis. 138. 

Reduction reaction. 309. 

Reflex, Abolition of. 321. 464. 

— arc. 381. 

— contraction. 171. 

— dyspepsia. 62. 66. 71 et sqq. 


— hyperchlorhydria. 170. 

— inhibition. 117. 

— irritation. 167. 

— , Nervous. 60. 72. 

— nervous mechanism. 62. 

— spasm. 100. 

Russner on the gastric Juice. 60 
Rejuvenescence. 39*. (See also 
" Voronoff *’). 

Renal albuminuria. 222. 

— artery. 268. 

— calouluB. 207. 208. 

— capacity, Guido to. 234 et sqq. 

— cells. 2d2. 290. 

— dissociation in obstructive 
jaundice. 181. 

— epithelium. 243. 

— failure. 248. 

— function in pregnancy. 169. 

— glycosuria. 268. 

^ inadequacy. 108. 

— quotient and dextrose. 77. 

— tnreshold, Changes in the. 146. 
148. 

RxNinx on cell-islets. 141. 

Rennin. 60. 443. 


Reproductive organs. 33. 40. 266. 
Respiratory centre. 43. 261. 288. 
291. 2^. 343. 383. 408. 414. 
420. 421*. 


— failure. 297. 

— movements. 376. 414*. 

— rhythm. 383. 

— system. 22 et seq. 428*. 


Retioulo-endothelial cells. 177 
178. 

— system. 174. 177. 178. 
Rheumatic carditis. 362. 
Rheumatism. 320. 366. 369*. 362 
Rheumatoid arthritis. 329. 

— pains. 9. 

Richabos on capillary dilatation. 
397. 

Richbt on anaphylaxis. 42?. 
Richteb on spermin. 40. 

Rickets. 162. 329. 437*. 438*. 

— , Imitation of. 462. 

Rigor mortis. 420. 

Riley, Jakes, on soured milk. 333. 
Ringer's saline fluid. 344. 345 
Robebts, Mobley. 427. 429 432 
— , Sir William. 63. 64. 71. 203 
Robson, Mayo, on the pancreas. 
138. 144. 

Roch on sod. salicyl. test. 166. 
Rodagen. 13. 

RoooFF on adrenalin. 430. 

Rohde on the heart. 346. 
Rollestdn. 18. 21. 328. 

Rombebo on acute infections. 306 
Rosbach mineral water. 173. 
Rosenbach on Omelin’s test for 
bile pigments. 182. 

Rosenfeld on ketosis. 287. 
Rosensteie on the thoracic duct. 
78. 

Ross, G. W., on headache. 460. 
Rotueba on diacetic acid. 284. 
Rothschild on thyroid instabiiity. 
12 . 

Russell on erythremia. 411. 

—, William, on blood-pressure. 
396. 

Ryffel on reotal IFeeding. 77*. 
Ryle on HCl. 58. 69. 


Saccharin. 274. 334. 

Sahij’s test for pancreatic in- 
adeouacy. 143t. 

St. Galmier mineral water. 173. 
Salicylate, Ese^. 1I7. 

— in^out. 200. 206. 

—, Sodium. 166. 167. 171. 172. 
187. 362. 

— and urine. 284. 

Saline bases. 294. 
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(Sftlino) diareticB. 248. 

— enemata. 17. 206. 306. 

— extract. 133. 

— fluids. 344. 

— , IntrayenouB 37.307. 

— purge. TO. 332. 

— . Rectal, 79*. 81 82*. 88. 305. 

— Bolution, Normal. 384. 

Saliva, Alkaline. 64. 71. 

— , Qifth of. 04. 

— and iodine. 144. 

— in jaundice. 184. 

— , Nitrites in the. 324. 

— , Parotid. 453. 

— , Ptyalin of the. 92 130 151. 
Salivary digestion. 61. 50*. 173. 

— ducts. 83. 

— glands. 83. 

— secretion. 2. 66. 

Salol 332. 

Salt. Alkaline. 288. 

— , Eiarthy. 217. 

—.Excess of 331. 

— , Ionized. 344. 

— , Mercurial. 260. % 

— .Mineral 430. 

— and nephritis. 230. 231. 237*. 
238*. 248. 

— , Organic. 216. 230*. 

— ^ Sodium. 344. 454. 

— . Soluble. 200. 213*. 

Salvarsan. 161. 170. 

— poisoning. 160. 103*. 177. 180. 
SANTOBDri's duct 143. 
Saprophytes and intoxication. 308. 

SaremsB. 92. 

Sarcoma cells, Powdered. 440. 
Sauvdby on erythriemia. 411. 
ScHADi on urinary calculi. 206. 
ScHArnn, Bn E , on adrenalin. 
10. 18. 

SoHirr's biliary cycle. 16&. 
Schmidt on pancreatic in- 
adequacy.. 143. 

ScBMOLL on fibrosis. 369. 

Scurvy. 439*. 440. 444. 

SeoretM substances classifi^. 229. 
Secretin. 49. 133. 134. 136. 137. 
Secreting cells. 11. 140. 

Secretion. 6. 47*. 48*. 49. 66*. 
115. 126. 184. 


(Secretion), Acid. 43. 69*. 109. 

— of appetite juice. 70. 

— , Chloride. 61. 

— , Digestive. 110. 132. 139. 

— , Diminished 30. 

— , External. 30. 

— , Glandular. 6. 48*. 49. 

— , Hydrochloric aetd. 116. 

— , Increased. 30 03. 

— , Inhibitors of. 72. 

-.Internal 207. 208. 308. (See 
ii/ao " Internal "). 

— , Milk. 34. 47. 

— . Ovarian. 37. 38. 

— , Over-. 33. 

— , Parathyroid. 14. 

— , Salivary. 2. 60. 

— . Sexual. 34. 

— , Testicular. 39. 

—, Thyroid. 5. 13. 14. 140. 308. 

407. 434. 

— , True. 47. 

— , Under-. 33. 

Secretory processes of digestion, 
427. 

Segmentation movements. 116, 
118.119*. 

Soidlitz powder. 104. 187. 
SsLiQiiANKon thevasa deferentia. 
39. 

Sbndleh on new growth. 369. 
Senna. 120. 

Senobah’s bottle. 91. 

Sensory impulses. 378. 

— irritation. 390. 

— nerves. 378*. 

Sepsis. 162. 279*. 328. 443. 

Septal nerve. 338. 

Septic absorption. 323. 332, 

— focus. 352. 447. 

— infection. 181. 252. 263. 329. 
Septiesmia. 320. 

Septum. 340*. 415. 

SiQUEiRA on sexual development. 

30. 

Serous exudate and urticaria. 226. 

— hemorrhage. 448. 450. 

— membranes and adrenalin. 24. 
32. 

Serum. 344. 431. 448. 

Sexual development, Premature, 
30. 
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(Sexual) hyimplaeia. 84. 

— organs and pitnitrin. 38. 

— power in acromegaly. 33. 80. 

^ secretion. 34. 

Bhabkiy on rectal feeding. 79. 
Sbattoox on the vasa dmorentia. 
39. 

Shaw, Batty, * on recurrent vomit- 
ing. 293. 

Sheep, Disease of. 329-21. 

— , Ventricle of. 341. 

Shibbihoton. 50-61. 260. 

Shoclf. 113. 114. 378*. 

— and adrenalin. 21. 

— , Anaphylactic. 43. 427. 429. 

— and pituitrin. 33. 30. 37. 

—, Shell. 370. 

— Wound. 397. 

Shobt, Rbvdlb. 28. 84. 211. 
Short-circuiting operations. 120. 

128. 131. 335. 

Silver nitrate. 94. 
Sino-auiioular node. 341*. 342. 
340. 848*. 

Sinus, Cerebral. 383. 

— infection. 426. 

^irregularity. 340* et sqq. 865*. 
^07 

-^venosus. 338*. 339. 340S 
Sinusoids. 140. 

Skatol. 104. 313. 

Skin. 9. 184. 431 et sqq. 

— , Blanched. 382. 

— and diaphoretic measures. 231. 
240 et sqq. 

— dkeases. 432. 

— — and thyroid extract, 0. 

— in hypopituitarism. 85. 

intestinal stasis. 120. 

I nephritis. 240 et sqq. 

— , PigmenM. 120. 409. 412. 

— reaction to foreign protein. 
432. 483*. 

—thickening. 88. 

Sleep and asthma. 480. 

Lack of. 309. 880. 

SKm, — » on insulin. 141. 

—I F. J., on thrombosis. 447. 

— » W. 0., on nrio aeid. 103. 
Smokers, Habitnal, and blood- 
p r en w re. 401-8. « 

— — — gastriosooretion. 47. 


(Smokers, Hiabitaal}, and the 
thymus. 40. 

Smofang. 394. 899. 401. 488. {See 
aUo ‘*^Tobaooo 
^oda, Biurate of. 200. 

— Quadrinrate of. 200. 

So^ nitrit. oo. tabloid. 400-7. 
Sodium acetate. 187. 257. 

— bicarbonate. (Sea **Bi- 
carbonate "). 

— chloride. 147. 214. 229. 247*. 
334. 440. 

— citrate. 188. 444*. 445. 446. 
447. 451. 

— diaoetate. 291. 

— glyoocholate. 100.' 

— nitrite. 400-7. 

— nitro-prusside. 284. 
—phosphate. 214. 215. 251*. 408. 

— salicylate. 105. 107. 171. 172. 
187. 302. 

— salts. 344. 454. 

— sulphooarbolato. 332. 

— taurosholate. 160. 

— urate. 133. 

Boxtbbbb’s treatment for phos- 
phaturia. 219. 

Solar plexus. 133. 149. 

Soldier’, heart. 306 to 371. 

Solnrol. 200. 

Somatose in Jaundice. 187. 
Somnolence. 9. (See aleo 
••Sleep”). 

Soured milk. 92.333*. 

Spaying. 34. 

Spxxob on catarrhal Jaundice. 159. 
Spermatorrhosa. 215. 

Spermin. 40. 

Specter. 128. 107. 

Anal. 117. 121. 

— , Cardiac. 97. 98. 99. 

— , Deo-esoal. 20. 

— • Levator ani. 12L 
— ,Miiloiilar. 119. m. 

— ,Pylorio. 21. 87. 51*. 52. 58. 
98. 109. 118. 170. 

, -,Briaxed.l04. 

J Sphygmomanometer. 108. 894. 
SpiM anaatbcaia and adrmulln 

—cord. 800. 870*. 185. 
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flplAaohnio am. 2S24. S78. 879. 
800. 882. 804. 898. 402. 

— bloodmielf. 21. 800. 880. 898. 

— engorgemant. 800. 

-pool. 808. 807. 

Bputfh, Saooiuilon. 101. 104. 
Spleen. The. 156. 174. 176. 177. 
178*. 170*. 180. 818. 826*. 
882*. 411*. 

Splenectomy. 178. 

Snlenic anemia. 178*. 

— enlacgement. HS*. 170. 180. 
326*. 411. 

— fleinre. 120. 125. 

Sroiooe on lodinm bicarbonate. 
302. • 

Sputa and eoeinophils. 432. 
Squilla. 360. 

Staphylococcal infection! of the 
bladder. 216. 

Starch and cream diet,F0LiN’8.235« 
— , Digestion of. 77. 02. 144. 147. 
161. 168. 

—. — as affected by. 47. 66. 58. 

60. 106. 130. 144. 

-infeoee. 144. 

— and glyooenria. 267. 

— , Ingertion of. 268. 

— powder. 188. 

— ^eolation. 147*. 

— . Undigested. 147. 

Starch-free bread. 280. « 

8tarchylood.06*. 106. 161. 
Stabuho. 1. 8. 38. 48. 116. 183. 

873*. 

Starration, Acidoaia from. 286. 
, 201. 296. 206*. 806*. 

— and aneat^tka. 208. 806. 
Element of. 286« 

—I Qaatrio nicer tmted by. 84. 

— of the mednUa, 886. 

— .Tiaane. 280. 204*. 

Staaia, Capillary. 280. 400. 418. 
421. 422^. 

-,Inteatinal.ll8*. 123. 124. 808. 
— • Ffeasnre. 418. 

Slatna ^phathma. 41. 48. 
Steapsfai. IM*. 189. a. 
Steatonhaa. 144. 169. 186. 
Stnu on adrenalin. 24. 
SrmiAflB'ajheataient for rqjnfen* 


ItihobIi on atheroma. 869. 

Btenoaia. 100. 368. 866. 866*. 
371.388. 416. 

^of pylomsp Congenital hyper- 
trophic. 60. 1117446. 

Steroobilin. 149*. 186. 

Stemnm and lymphatiam. 41. 
Stiwabt, QBAiHGia. 308. 430. 
SmL. 112. 114. 

Stimnlento. 3. 20. 34. 36. 38. 47. 
48. 40.* 66. 62. 133. 243. 201. 
343. 302. 307. 308*. 421. 420. 
Stockton on ferments. 162. 
Stokea-Adams diaeaae. 360. 

Stoktis on cyanosis. 323.- 
Stomach. The. 46*. 47. 66. 68*. 
69. 61*. 63*. 67. 60. 70. 83. 80. . 
01. 00*. 110. 126. 136. 170*. 
446. 

.Acid in. 08. 102. 126. 162. 

.Cardiac end of. 61. 62. 66. 

74. 

contents. Eaamination of. 01 . 

— .Mechanical retention of. 

126. 

: contraction. 62*. 63. 103. 

. and deitroae. 306. 

.‘Dilatation (diatenaion) ' of. 

52. 66. 70. 71. 86. 92. 101. 102. 
103*. 110. 112*. 320. 331. 

. Drainage of. 110. 111. 

— — . and emotion. 117. 

. Fats discharged from. 116. 

— — . Fermentation in. 211. 

— — , Food diachargo from. 04 

66 . 110 . 

— — , -^tention in. 110. 

: lavage. 70. 72. 101. 106. 

113. 114. 381. 

— — ^Malignant diaeaae of.60. 184. 

, Motor irritability of. 27. 

; movements. 40 et aqq. 117. 

118. 

— — moNleSf Inco-ordinatlon oft 
112-18. 

— — , Pcriatalaia In. 106. 107. llOt 
111. 112*. 117*. 

^ — p Pyloric end of. 61. 82 , 101. 

^ — p and saliva. 64. 

: tabs. 91. 92. 

p and nlciration. 64. 06. 78. 

74. 82.108M08.100t. 
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(StomAcli, The), and the Tasomotor 
lystem. 382. 

— — , — X-ray photographs. 47. 
60*. 63. 64. 65. 89. 100. 101. 
102. 104. 107. 118*. 170, 

Stomatitis, Merourlal. 187. 

Stone. 203. 213. 216. 

Stools. 169*. 170. 179. 304. 317. 

322. 331*. 335 446. 

Stovaine and adrenalin. 26. 
Strauss, H., on Levnlose 159. 
StreptocooouB fsoalis. 320. 

— salivarius. 320. 

Strontium. 453. 

— bromide. 454. 

Btrophanthin. 367. 368. 
Btrophanthus. 353. 360. 366. 367 
Strychnine. 20. 106. 123. 188. 

202. 360*. 362. 368. 397. 400. 
Styptic dni^s. 388t. 

Subaraohnoid injections of mag- 
nesium. 456; 

Subendocardial layers of the 
ventricle. 341. 

Bucci and fasting. 77. 

Succus entericus. 130*. 150. 161. 
Succussion splash. 101. 104. 
Suckling and blood-coagulation. 
452. 

lactosnria. 266. 

Sudan red. 102. 

Sugar and Baldwin's osalate-free 
diet. 209. 

Blood. 142. 159*. 160*. 232. 
268*. 261. 266*. 267. 270*. 
276*. 277*. 278*. 279*. 282. 
301. 306. 

—.Cane. 151. 267. . 

— and cow's mUk. 443. 

digestion. 47. 66. 229. 

' — excretion. 169. 232. 268. 

— fermentation and oxalates. 210. 
214. 

glycogen. 148. 150. 267. 

giycosoria. 34. 264. 267*. 

— , Granulated. 86. 

— , Grape. 287. 

— ,Inmted.267.264. 

— and jaundice. 161*. 

the liver. 263. 

Malt. 106. 


(Sugar) metabolism. 260. 

— molecules. 264*. 

— and monosaooharides. 159. 

— in nephritis (as diet). 238*. 
243. 

— and oxalates. 211. 214. 

— in pancreatic disease, 263. 

— and protein. 232. £56. 

— starvation. 264. 

— tolerance. 7. 33. 35*. 36. 145. 
151. 169. 261*. 266. 274*. 

in Graves' disease. 260. 

myxcsdema. 260. 201. 

— in ulcer dietary. 87 

— and the urine. 262*. 264. 268. 
270. 272. 274. 276. 277. 281. 
284. 285. 294. 

Sulphiemoglobin. 325*. 327. 400. 
419. 

Sulphemoglobinsemia 323. 409. 
Sulphate. 104. 313 315*. 310. 

— , Ammonium. 284. 

Ethereal. 104*. 313*. 314. 
315. 316. 317. 325. 331. 

— , Potassium. 328. 

— in urine. 284. 313. 317 331. 
Sulphocarbolate of soda. 332. 
Sulphonal poisoning 326. 

Sulphur in cystin. 220*. 312. 330. 
eggs. 161. 

— excretion. 285. 

— .Flowers of. 182. 

— and hicmoglobin. 323. 327. 

— , Oxidised and unoxidised. 313. 
Sulphuretted - hydrogen - forming 
organisms. 325. 

Suppositories. 74. 

Suprarenal cortex. 30. 

— extract. 19. 28. 29*. 

in Addison's disease. 28. 29. 

— gland. 16 to 20. 24. 27. 28. 31. 
146. 266. 

Sweating. 184. 278. 

Sympathetic balance. 429 et s^q. 

— Chau. 376. 

— irritation. 103. 267. 271. * 

— nerve. 12. 17*. 19. 20. 22. 27*. 
28*. 31. 116. 117. 167. 266. 
376: 

— nervous system. 17*. 111. 263. 
338. 

— stimulation. 389. 434. 



INDEX 507 


SympathlootoniA. 429. 

S^cope. 22. 42^ 358. 372. 375. 
389. 

SyphiiiB. 179. 350. 362. 403. 

— , Congenital. 135*. 181. 
Syphilitio meningitu. 35. 

— toxin. 434. 

Syitemio veBseU. 388*. 

Systole. 346. 353. 355. 367. 451. 
Bystolio momur. 360. 

— output. 375. 

-pressure. 360. 363. 366*. 393*. 
395*. 

Tabes. 149. 

Tachycardia: 0. 

— , Paroxysmal. 351 et sqq. 357. 
367. 

Takadiastase. 152. 

TiKXMiNB'a preparation and 
adrenalin. 16. 

Talma- Morbuoh operation on the 
hver. 157. 

Tartrates. 216. 

Taurin. 166* 221. 

Tawara on the auriculo-ventricu- 
lar*' bundle." 330. 

Tatlor, Enqlbbert, on auto- 
intoxication. 307. 

— , Sir Fbxd BRICK, on the spleen. 
382. 

Teeth, Attention to the. 330. 331. 
—.Defective. 67. 96. 323 453.* 

— in gaatrio affections. 67. 

— and honnatopoiphyrin. 326. 
'—removal. 326. 336. 
Telangiectases. 183. 

’ Tbltord on the liver. 208. 
Temperature, Lowering and rise 
of. 406. 

Test, Ajj^utination. 322. 335. 

— for macetio acid. 284. 

— , OuivzBiyo'a HCl. 92. 95. 

— ,lndioan. 255. 3ll 315. 316. 
336. 

— -1^, Odbbmetbb'8. 313. 

— , Indol. 315. 

— , LobwTb adrenalin eye-. 146. 

149.260. • 

-meal. 65*. 91. 102. 104. 107. 
170. 268. 

— — , Technique of. 91. 


(Teat), Oooolt blood. 65. 66. 

, Pancreatic. 147. 

— , WiLLcox’a UCl. 93. 

Testicular extract. 39. 

— gland. 30-40. 

Testis, The. 39.»174. 

Tetanus. 344. 455*. 

Tetany. 14*. 15*. 329. 443*. 
Tetrachlorethanc. 162*. 

Tetronal poisoning. 326. 

Thein. 190. 

Theobromine 100. 244. 362. 
Theoein 244. 

— sodium acetate 187. 245. 
Thomsor, John, on pyloric spasm. , 
112. 

Thoracic, The. 377. 

— duct, Fistula of the 78. 

— pressure. 129. 

— vertebra. 9. 

Thorbl on the heart. 341. 

Throat, The. 292. 

Thrombogen. 446. 

Thromboxinase. 42 446. 
Thrombosis. 448 451 452. 

— , Cerebral. 398*. 

— diagnosis. 397. 

— and hemiplegia. 307. 

milk diet. 447*. 

— of the nutrient' arteries. 350. 

— and typhoid fever 308. 

Thymic asthma 42. 430*. 

Thymol. 26* 332. 

Thymus. 33. 40 et sqq. 430. 

— cells. 174. 

— removal and calcium. 443. 
Thyro-slossal duct, The. 5. 

Thyroid excess. 146 442. 

— extract. 2. 5 to 15. 18. 260*. 

403.407. . 

— gUnd. 0 to IS. 36. 41*. 2ei*.* 

206. 407. 

— glycosuria. 260. 

— and iodide. 434. 

— medication. 28. 

— secretion. 5. 13. 14. 146. 308. 
407. 434. 

— stimulation. 430. 

Thyroidectin. 13. 

Thyroidectomixed animals. 10. 1 3*. 
Thyroidism. 8. 

Thyrolytic serum. 13. 
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Thyroztn* S. S. 6 to 13. 

Tio. 426. 

Tk^tkoing.124.168. 

Tflleul tisuie. 334. 

Tibard on albuminuria. 222. 
Tinue, Alkaline. 236. 

— -andnaroosia. 200. 

proteini. 135. 220*. 289*. 

— purinfl. 100. 162. 198.204. 205*. 

— itorvation. 230. 294*. 
Subcutaneous. 318. 

— »UratJo deposits in tbe. 197. 
205. 

Titratbn alkalinity and aoidbsls. 
• 03. 

Tobacco. 370. 

— and blood-pressure. 351. 309. 
401*. 

— tolerance. 401. 402. 

(Se$ alio ** Smokers " and 
“ Smoking "). 

Tongue, The. 293. 317. 318. 433. 
Tonuls, Hypertrophy of 41. 
Tophi. 108. 220. 

Toziemla. 21*. 43. 164. 177. 204. 
296. 309 . 433. 

— of pregnancy. 163. 250. 300. 
Tozio aoidemia. 209. 

— action. 183. 205. 356*. 307. 

— agents. 328. 330. 302. 394. 

m. 

— — (reducing). 327. 

— baoiUuB. 310-20. 

-drugs. 401. 

— effects. 10. 20. 26. 31. 50. 291. 
310*. 314. 315. 

— element. 432. 

— erythema. 431. 

— factor. 12. 432*. 434. 

— flora. 310. 

— hepatitis. 160. 

— kljlopathlea.427.420. 

— in^. 164*. 

— origin. 105. 

—power. 310. 

— products. 248. 310*. 

— properties. 194. 

— substances. 164. 106. 255. 314. 
310. 323. 402. 

—symptoms. 8. 138. 157. 805.' 

889. 801*. 298*. 809. 316. 387. 
— vapour. 803*. 


Todn. 4. 16. 43. 168. 183. 187 
202. 247, 248*. 249*. 250*. 262* 
320*. 328. 320. 330. 402*. 431. 
432. 433. 434. 455. 

Trachea and thymus. 42. 
Traumatic cyanosis. 418. 

Tbbvav on acidosis. 201. 

Tbibi on reounent vomitlnir. 
293. 

Tricuspid valve, The. 340. 416. 
Trinitrotoluene. 162*. 

Trional poisoning. 326. 

“ Tripoa of life, The. 381*. 
Tritohlib on calcitun oxalate. 
213. 

Tropooaine and adrenalin. 26. 
T^in. 136*. 137*. 138. 143 
144. 168. 445. 

Trypsinogen. 136. 137. 138. 
Tryptic activity. 446. 

— digestion, Failure of. 143. 144 
Tryptophan. 312*. 317. . 
Tubercles in the spleen. 411. 
Tuberculosis. 43. 78. 351. 369. 

— of the alimentuy tract. 143. 

— , Healed, and astbna. 426. 
Tubercubus fool. 208. 

— bfeotbns. 126. 

— menmgitis. 263. 348. 

— peritonitis. 127. 

Tubules, Degenerative. 250. 
TtrOKBTT on diphtheria. 21. 
Tumours, Mali^ant. 441. 

— , Multiple myeloid. 217. 
Typhoid fever. 10. 103. 172. 176. 

286. 322. 829. 308*. 445*. 447*. ' 
Tyrosin. 157.255. 312*. 

Ulcer. 15. 16. 50. 62. 63*. 64. 65. 
66. 83*. 84. 00. 100*. 101*. 
102. 107. 100*. 116. 131. 428. 
445. 

Ulceratbn of the epigbttis. 07. 

— — — gastrb mucosa. 126. 
stomach. 64. 65. 73. 74. 

88. 102*. 108. 109. # 

Umbilical word and s^b 4nfeo- 
tbn. 181. 

Ura^. 848*.^ 870. 801. 403*^ 
131. 

Uranib dyspnesa. 408. 48i. 

— syndiouie.853. 
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Ontio dnodti In tho ttane. 197. 
906. 

Urn. 166. 168*. 196. 229. 2S9*. 

241. 248. 249. 

— , Blood. 168. 237 ot sqq. 
^ezcntion. 43. 168. 2w*. 240. 
296. 

— formation. 168*. 206. 236. 

» and the kidnevs. 229. 231. 234. 

et sqq. 246. 248 et sqq. 

liver. 157. 168^. 294. 296. 

— moloooles. 189. 

and nephritis. 234 et sqq. 

Urease method. 249. 

Urio acid. 157. 158*. 189 to 210. 

221. 229. 237. 254*. 

Urioolysis. 195. 

Urinary aoidityt 214. 216. 

— oalonU. 202^. 203. 200 et sqq. 

— diastase increase. 146. 
flow. 245. 

— irrit^ion. 211. 

^nitrogen. 81*. 82. 158. 294. 

— output. 164. 

— oxalates. 209 et cqq. 

— purins. 190. 195*. 205. 

— traot. 205. 

Orihe, The. 35*. 78. 79. 81. 140. 
157*. J58. 161. 164. 182. 105*. 
203. 204. 209. 211. 212. 228. 
229*. 246*. 266. 268. 209*. 284 
et sqq. 303.304.313. 

, and alkalinitj. 203. 288. 

302*. 

f — ammonia. 285. 302. 

1 — the blood. 229. 270. 

— — t — calojum. 442. 

— — , — camphor. 164-5. 

— — earbolnria. 315. 

Casts in. 271. 

1 and orystalline (red) matter. 

,199. 

— — ^-^orystallixedorio acid. 203 
to 203. 

— — I — orystals (Envelope). 211. 

— Cnltnces from. 822. 

— — 1 and oystin. 220. 

— dilation. 239. , 

— — snjbgenouB subefinees. 
908. 

l^Taminattai of. 146. 168. 
224. 284. 606. 


(Urins^ The), and ezqgenons sub* 
stances. 208. 

— — ferrio chloride roaotlon 
283. 285. 

— — . — flowers of sulphur. 182. 

. — glycpronio acid. 254.255*. 

1 ^liBmatoporphyrin. 826. 

— hepatic insuffloieDoy . 166. 

197. 

. - indican. 169. 314. 316*. 

317. 318. 336. 

, — indol. 325. 

, — iodine. 144. 182. 

, — ketonuria. 284 et sqq. 

, — the kidneys. 229. 231 . 246. ^ 

p — litmus paper tost. 208. 

, — metabolism. 310. 

, — neutrality 302. 

p — nitiites. 326. 

p — potassium citrate. 218. 

p in Pregnancy. 216. 

^ — p and stoapain. 138. 

p Sugar freedom and. 278. 

274*. 

p Sulphate in. 284. 313. 817. 

331. 

p Suppression of. 160. 252. 

Urobilin. 169. 170. 179. 186*. 186*. 

318. 

Urobiiinuria. 186*. 

Urochrome. 206. 

Urticaria. 226. 429 448*. 449. 

460*. • 

Urticarial wheals. 432. 

Uterine bleedmg. 25. 

~ disorders and asthma. 426. 
430. 

— mucosa. 38. 

— muscle. 34. 

Utomsp The. 26. 84. 37. 38. 294. 

Vaoome..322. 323. 326. 335. 

Vanal factor in respization. 428. 

— -uritation. 347. 

— stimulation. 134. 167. 839. 464 p 
425. 

Vaginsp The mucous membnae 
of the. 879. • 

Vagotonia. 424. 428. 429*. 488. 
Vagus. 20. 22. 42*. 46*. 48, 07« 
116. 167. 183*. 265. 84r. 8661 
862*. 128*. 429*. 431. 
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effect on the henrt. (ffee 
“ Heart »). 

— nuoleuB. 424. 426. 

Yatx din Bibob. 143. 176. 170*. 

178. 180. 323. 324. 

Van Slykb. 201. 409. 

Vanillin. 93. 

VAQUizon the red oorpnsoles. 411. 
Varicose ulcer. l6. 

Vasa deferentia, Occlusion of the. 
39. 

Vascular area. 370. 

— changes. 243. 261.262*. 

— constriction. 18. 

— lesions. 262. 263. 

— lystem. 270. 391. 

— tension: 194. 270. 
Vaso-oonstriction and -constric- 
tors. 18. 20. 27. 29. 30*. 31. 
30. 243. 244. 306*. 382*. 383. 
389.390*. 

Vaso-dilatation and -dilators. 248. 

' 379. 380. 383. 307. 400*. 
Vasomotor centre. 34. 370. 378*. 
379. 380*. 383. 384*. 385. 387. 
397*. 

-^ntrol. 224. 226*. 220. 370. 

— diseases. 418. 

— disturbances. 38. 

effect in the cranial system. 384. 

lungs, Absence of. 381. 

388.* 

and the splanohnio*area. 378 

to 380. 382. 

_ insufficiency and albuminuria. 
226. 

— nerves and the brain. 384. 

— heart. 302. 

— Irritability of the. 224. 

— — and the lungs. 381. 
—paralysis. 21. 183. 397t. 

— symptoms of erythremia. 412. 

— system. 379.428. • 

— — and hlood-presBure. 391. 
the brain. 381. 388et sqq. 

' — — in disease. 370 et sqq. 

^ —-rand the heart. 381. 390 et 

the longi. 381. 388 et 

■'*' iqq. 

spleen. 382*e 


(Vasomotor) tone. 412. 

— tormcenoe. 414. 426. 

Vein, Abdominal. 373. 

— , Jugular. 358. 

— of the leg. 447. 

— — — neck. 366. 

— , Over-distension of the. 418. 
Vena cava. 414*. 416. 

Venesection. 187. 260. 386. 380*. 
390. 394*. 

Venous congestion. 362. 410. 

— pressure. 364. 374*. 

— pulse in the neck. 349. 
Ventricles, The. 201. 202*. 338*. 

339*. 340. 341. 342*. 343*. 346. 
347. 348*. 349. 360*. 362*. 
353. 364. 366*. 300. 301*. 302. 
303. 306. 300. 389. 394. 414. 416* . 
Vertigo. 368. 412. 

VilU, Muscles of the. 108. 109. 
ViNOiNT, SwALi, on the supra- 
renals. 10. 

ViNis,— , on parathyroids. 14. 15. 
442. 

Virchow on the blood. 177. 
Viscera. 129*. 

Visceral level of the nervous sys- 
tem. 420. 430. 

— vessels. 391. 

Visceroptosis. 123 et sqq. 310. 
336 

Viscosity of the blood. 411. 412*. 
413. 

Vitamins. 430 ct sqq. 

Vittel mineral water. 173. 

VoiT on calcium excretion. 442. 

— standard of protein intake. 233. 
Vomiting. 27. 83. 80. 102*. 104. 

100. 107*. no to 112. 114. 120. 
149*. 297*. 327. 360. 357. 412. 

— and adrenalin. 19. 32. 

alkali loss. 290. 427-8. 403. 

— , Cyclical. 291. 

— in diabetes. 285. 

— , Periodic. 327. 

— , Pernicious, in pregnancy. 283. 

291. 294. 306. 

— , Pqst-anMthetio. 300. 

— , RMunent, and acidosis. 283. 
293. 304. 

— in urasmia. 248. 

Von Mibino. 132. 140. 
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Vov NoOBOAiTp 242. 243*. 240. 

246. 272. 286. 287. 300. 
VOBONOIY’8 grafting operation. 80. 

Wallis, R. L. Macki^tzib. 160. 
163*. 228. 260. 316. 826. 432. 
433. 

Wassbbmann’s reaction. 36. 182. 
362. 434. 

Wasting in gastro -intestinal keto- 
sis. 200. 

— and phosphaturia. 216 to 218. 

— in recurrent vomiting. 203. 

stenosis. 111. 

Water-soluble vitamins. 430. 
Watson, Sib Gordon, on adhe- 
sions. 103. 

Waugh on oolopexy. 131. 

WiBBB, Parebs, on erythremia, 
411. 413. 

Wbintbaud on atophan. 202. 
Wblls, — , on calcium meta- 
bolism. 441. 

Wbrtubimer on acid chyme. 133. 
WbsTpSamubl. 78. 324. 

Whipple's lipase tost. 103*. 

WiOAL on droMy. 230. 

WiooBBS on adrenalin. 23. 

Wilks on Addison’s disease. 27. 
WiLLCOX. 61. 03*. 04. 

WiLLB on the pancreas. 143. 

sugar tolerance. 146*. 

Williams, Ljionabd. 9. 64. 386. 
380.400. 

— , Wettbidob. 204. 205*. 305. 
Wilson, C. M., on the hemoclasie 
crisis. 106*. 


ILSON* Haso&p, Oft the, Hall- ^ 
, bladder. 172. ' 

WnroKBL on iSkt ptwrpeml state. 
462. 

WiNDLB on the heart. 347. 803. 
364. 

WiNTBB, — , 01) insulin. 141. 
WiNTBRNiTz on cyanosls. 418, , 
WlBSUNG'Sduct. 136, 

WiTHBRXNG on digitalis. OdO*. 
Wohlgemuth's test for diastase. 
147. 

Wolff bottle. 423. 

Worms, Anemia due to. 180. 
Wound shook. 307. 

Wbzght, Sib A. B. 226. 444. 446*, 
447. 448. 464. 

Wyatt on pregnancy. 168. 

Xanthin. 190*. 102. 196*. 

Xerosis of the eye-ball. 489. 

X rays. 49. 60*. 63 to 66. 89l 
100 to 102. 118*. 119. 122. 127. 
129. 306. 323. 320. 360. 418. 

— and bismuth. 60*. 104. 107. 461 

— and the cecum. 118. 

— in erythremia. 413. 

Yahourth. 333. 

Yellow atrophy. 176. 177. 

Yoghourt. 333. 

• 

ZiLLiB dll ketosis. 287. 

ZiLVA on vitamins. 437. 

Zinc chloride. 149. 160. 

— oxide. 188. 
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